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INTRODUCTION 

BY     DS.     A.     BUCHNEB,     SEN. 


The  work  of  a  professor  whose  reputation  is 
80  widely  extended  as  that  of  the  antnor  of  this 
Pharmaceutical  Text  Book,  has  little  need  of  an 
introduction  from  a  writer  of  longer  standing. 
Inasmuch,  however,  as  the  scicntiiic  lahours  of 
Wittstein  have  hitherto  been  imparted  to  the 
public  through  my  "Repertorium  fiir  der  Phar- 
macie ;"  ana,  as  this,  the  first  complete  work 
emanating  from  his  pen,  contains  embodied  in  it 
the  results  of  lengthy  and  important  chemical 
inTestigati0QS,  which  for  several  years  he  has 
undertaken  and  carried  out  at  my  suggestion,  and 
mostly  under  my  own  supervision  ;  it  will  not 
appear  presumptuous  for  me  to  bear  testimony 
to  its  peculiar  value,  and,  at  his  earnest  request, 
write  a  Preface  to  it. 

The  book  contains  a  mass  of  new  facts,  and 
includes  none  but  the  results  of  his  own  chemical 
inquiries,  an  advantage  which  gives  it  a  peculiar 
character,  and  imparts  to  it  an  especial  value  at 
the  present  time,  when,  as  regards  chemistry  and 
pharmacy,  works  of  mere  compilation  are  so 
abundant.  Another  reconmiendation  is  the  scien- 
tific spirit  which  animates  the  investigations,  and 
which  cannot  &il  to  incite  the  youthnil  reader  to 
follow  in  the  same  path  of  inquiry.  It  vrill  be  at 
once  perceived  that  the  author  is  a  skilful  and 
accurate  manipulator,  who  possesses  the  power  of 
imparting  his  own  information  and  ideas,  in  a 
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clear  compreliensive  style,  enabling  any  one  but 
little  practised  to  perform  each  chemical  operation 
with  ease  and  certainty.  The  qualitative  relations 
of  the  whole  of  the  d&erent  agents  and  products 
are  based  upon  stochiometrical  calculations,  a 
matter  of  the  highest  practical  value.  It  would  be 
impossible  too  strongly  to  recommend  this  work 
to  the  beginner,  for  the  clearness  and  completeness 
of  its  explanations,  and  as  an  example  of  accuracy 
of  detail, — ^by  following  which  he  will  become 
well  grounded  in  practical  chemistry  j — the  theo- 
retical explanation  of  the  chemical  processes, — the 
stochiometrical  formulas  elucidating  all  the  pre- 
parations,— and  the  datas  for  testing  the  purity 
of  them,  being  eminently  calculated  to  assist  him 
in  obtaining  such  an  advantage. 

The  practical  chemist  wrll  certainly  derive 
assistance  from  the  accuracy  of  the  author,  and 
from  the  peculiarity  of  his  hints,  which  may  be 
unknown  to,  or  forgotten  by,  many, — ^whilst  the 
relative  product,  being  in  each  case  faithfully 
appended,  serves  to  control  the  cost  of  corre- 
sponding expeiiments,  and  enable  its  cost  to  be 
calculated.  Every  chemist  who  makes  use  of  this 
book  will  regret  that  Wittstein,  instead  of  extend- 
ing his  practical  experience,  his  observations,  his 
improvements,  and  calculations  to  other  chemicals, 
has  confined  them  to  pharmaceutical  preparations, 
especially  as  the  practical  opportunities  which  he 
enjoyed  are  by  no  means  frequent. 

I  hope  that  this  useful  book,  which  contains  the 
valuable  and  abundant  results  of  the  daily  labours 
of  some  years,  may  meet  with  the  encouragement 
it  merits,  and  serve  as  a  text-book  to  numberless 
manipulators,  both  teachers  and  learners. 

Munich. 
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PREFACE  TO  THE  FIRST  EDITIOX. 

I  HATE  for  several  years,  at  different  times,  pub- 
lished in  the  "  Repertorinm  fur  der  Phannacie" 
some  of  the  results  of  my  daily  occupation,  under 
the  title  of  "  Practical  Explanations  of  Chemical 
and  Pharmaceutical  Principles."  My  motiTe  has 
been  no  idle  desire  ftv  literary  fiune,  but  a  wish 
to  impart  to  others  what  appeared  to  me  the  value 
or  worthlessness  of  those  processes  to  which,  in 
repeatedly  making  preparations,  1  have  given  a 
trial.  ^  ith  pleasure  I  perceived  that  these  little 
notices  were  not  unfavourably  received.  I  grm- 
duallv  increased  their  number,  and  reserved  to 
myself  the  idea  of  one  day  publishing  them 
together  in  a  complete  form.  The  time  has  now 
arrived  in  which  I  feel  enabled  to  do  this. 

The  contents  of  the  following  pages  are  clearly 
and  entirely  explained  in  their  title.  I  have  not 
pretended  to  write  an  introduction  to  Pharmacy 
(of  such  books  there  is  no  dearth),  but  my  intention 
has  heen  to  impart  such  information  as  is  seldom 
to  be  found  in  these  works;  as,  for  instance,  a 
critical  explanation  of  the  different  methods  of 
making  preparations;  which  method  is  to  he 
preferred,  and  the  advantages  which  characterize 
it ;  a  practical  account  of  the  points  to  be  ohserved 
in  the  manipulation  (on  which  frequently  a  suc- 
cessful result  depends)  ;  the  theory  of  the  several 
processes ;  and  finally,  the  tests  for  detecting  im- 
purities and  adulterations.  It  is  by  instituting 
experiments  that  deficiencies  are  discovered ;  and 
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the  number  of  new  facts  this  book  contains  is  by 
no  means  small.  All  other  matter,  such  as  the 
history,  literature,  and  application  of  the  prepa- 
rations, I  have  in  most  cases  omitted,  as  extending 
beyond  the  limits  of  the  present  work. 

Amongst  the  preparations,  I  have  included  some 
which  possess  a  purely  chemical  or  technical 
interest ;  but  I  hope  that  the  practical  pharma- 
ceutist will  find  I  have  omitted  none  respecting 
which,  as  being  required  in  medicine,  they  may 
desire  advice.  I  can,  moreover,  add  the  assurance 
that  eveiy  method  has  been  tried  by  myself,  and 
most  of  tnem  repeatedly ;  whilst  my  long  practice 
will  give  me  the  right  of  passing  an  opinion  on 
them. 

The  arrangement  of  the  book  I  made  a  second- 
ary consideration ;  as  being  the  most  convenient 
form,  I  have  chosen  an  alphabetical  one,  and  also 
classed  each  preparation  according  to  its  Latin 
name,  to  which  is  appended  its  ordinary  synonyme, 
and  German  appellation.  As  a  further  assistance, 
a  complete  Latin  and  German  index  is  appended 
to  the  end. 

THE  AUTHOR. 

Munich. 
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PREFACE  TO  THE  SECOXD  EDITIOX. 


Tde  summons  which  a  year  ago  I  receiTed  from 

the  Publishers  to  prepare  a  Second  Edition  oi  this 

Treatise  on  preparation,  gave  me  the  agreeable 

assurance  that  the  First  Edition,  in  spite  of  its 

man  J  imperfections,  had  found  admission  tomanr 

pharmaceutical  laboratories.   I  determined,  as  weU 

as  correcting  it  as  much  as  possible,  to  make 

sereral  additums  of  those  new  compounds  oi  which 

I  had  carefully  tested  the  properties  and  methods 

of  preparation  ;  at  the  same  time  it  gare  me  the 

opportunity  of  paying  due  regard  to  the  hints  of 

mendly  reviewers.     In  the  general  arrangement 

of  the  work,  howerer,  I  considered  it  b^er  to 

make  no  alteration. 

I  trust  that  the  Second  Edition  may  enjoy  the 
same  indulgent  criticism  and  recepfion  as  the 
first. 

THE  AUTHOR. 

Munich.  October.  ]A^M. 
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TRANSLATOR'S  PREFACE. 


The  real  merits  of  the  present  work  have  been 
80  clearly  shown  in  the  Prefaces  hy  the  Author 
and  Professor  Bnchner,  as  to  require  no  farther 
notice  from  me.  M7  motive  in  translating  it  has 
been  the  hope  of  supplying, — what  I  felt  was  so 
much  wanted  in  this  country, — a  book  of  Practical 
Pharmaceutical  Chemistry.  From  the  minuteness 
of  the  practical  and  theoretical  explanations  of 
each  article,  the  work,  as  far  as  it  extends,  is 
complete  in  itself,  and  forms  a  sure  basis  to  a 
more  extended  knowledge  of  scientific  Chemistry. 
Having  spent  some  large  portion  of  my  time  m 
the  Laboratory,  I  know  full  well  the  advantage  of 
deriving  explanations  from  practical  men  and 
original  papers. 

Simply  to  reduce  the  price,  and  place  the  present 
work  within  the  reach  of  all,  I  have  omitted 
such  matter  as,  bearing  more  on  scientific  Chem- 
istry, is  not  absolutely  necessary  for  a  pharma- 
ceutist, but  which  I  think  some  day  to  pubUsh  as 
a  supplement  to  the  present  volume. 

In  conclusion,  I  must  crave  the  indulgence  of 
mj  readers,  and  trust  that  the  merits  of  the  work 
will  induce  them  to  overlook  any  imperfections  in 
the  translation,  which  has  been  carried  out  in 
my  hours  of  relaxation  from  business. 

S.D. 

140,  LeadenhaU  Street,  1853. 
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CHEMICAL  AND  PHARMACEUTICAL 

PROCESSES. 


ACETON. 

Hydrated  Oxyde  of  Meaityle. 
Formula:   C3H3O  ;  or,  CgHgO  +  HO. 

Preparation, — A  convenient  quantity  of  acetate  of 
lead  is  put  into  a  black  lead  retort,  of  such  a  capa- 
city that  it  is  only  half  fiUed ;  the  retort  is  placed 
in  a  blast  furnace,  and  supported  on  bricks  ;  to  its 
neck  an  earthen  or  glass  tube  is  luted,  and  con- 
nected by  means  of  bladder  in  which  a  few  small 
needle  punctures  haye  been  made,  with  a  capacious 
receiver.  Hot  charcoal  is  now  placed  around  the 
retort,  which  is  at  first  to  be  very  slowly  warmed, 
and  the  fire  gradually  increased  until  it  reaches  a 
red  heat,  when  a  portion  of  liquid  will  pass  oyer. 
During  the  process  the  receiver  must  be  kept  very 
cool.  When  no  more  drops  of  water  are  deposited 
in  the  neck  of  the  receiver,  the  apparatus  is  aQowed 
to  cool.  The  contents  of  the  retort,  which  from  20 
parts  of  acetate  of  lead  will  amount  to  about  4  or 
4^  parts,  is  shaken  with  hydrate  of  lime,  to  neu- 
tralize the  free  acid,  and  then  distilled  in  a  glass 
retort  until  about  two-thirds  have  passed  over.  The 
distilled  portion  is  the  Liquor  pyro-aceticus. 

In  order  to  obtain  pure  acetone  this  must  be 
digested  with  half  its  weight  of  fused  chloride  of 
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calcium,  then  distilled  in  a  water  bath  until  half  the 
liquid  has  passed  over,  again  shaken  in  a  closed 
vessel  with  half  its  weight  of  fused  chloride  of 
calcium,  and  allowed  to  deposit ;  the  upper  portion 
is  then  decanted  from  the,  more  or  less  moist, 
chloride  of  calcium  and  rectified ;  the  retort  being 
this  time  placed  in  a  water  bath,  and  the  process 
stopped  as  soon  as  its  contents  cease  to  boil.  The 
distilled  portion  is  to  be  kept  in  a  well-stopped 
bottle.  20  Parts  of  sugar  of  lead  will  yield  about 
1  part  of  acetone. 

Any  other  acetate,  as  acetate  of  lime  for  instance, 
may  be  substituted  for  sugar  of  lead  ;  but  the  latter 
is  to  be  preferred  on  account  of  its  cheapness.  By 
the  addition  of  caustic  lime  to  the  sugar  of  lead,  as 
recommended  by  Zeise,  I  have  obtained  no  ^eater 
yield  than  with  the  latter  substance  alone. 

RecapittUation  of  the  Process. — When  sugar  of  lead 

(PbO  +  A+3HO)  is  subjected  to  a  gradually  in- 
creasing heat,  it  fuses  to  a  colourless  liquid,  which 
froths  up  and  loses  its  water,  as  well  as  a  trace  of 
acetic  acid ;  the  dry  white  mass  which  now  remains 
in  the  retort  will  dissolve  again  in  water  almost  en- 
tirely, the  solution  having  an  acid  reaction,  conse- 
quently it  consists  of  anhydrous  neutral  acetiate  of 
lead.  By  raising  the  heat  this  white  mass  liqif efies, 
acid  vapours  are  given  off,  smelling  slightly  of 
acetic  acid,  but  more  pungent  (acetone) ;  the  mass 
changes  to  a  somewhat  gray  colour,  again  solidifies 
to  a  grayish  white  residue,  which  is  partly  soluble 
in  water  and  of  an  alkaline  reaction.  The  sugar  of 
lead,  after  the  loss  of  the  water,  is  converted  into  a 
basic  salt,  and  free  acetic  acid ;  but,  owing  to  the 
high  temperature,  the  greater  part  of  the  latter  is 
instantaneously  decomposed,  forming  other  pro- 
ducts. Now,  on  raising  the  fire  almost  to  a  red 
heat,  the  acetic  acid,  still  combined  with  lead,  is 
given  off  in  its  decomposed  state,  without  the  mass 
being  again  fused ;  the  residue  acquires  a  grayish. 
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yellow  colour,  and  consiBts  of  a  mixture  of  carbonate 
of  lead,  oxide  of  lead,  and  metallic  lead,  which  last 
partly  collects  in  a  fluid  form  at  the  bottom.  By 
allowing  access  of  air  the  yellowish  gray  mass  gra- 
dually assumes  a  reddish  yellow  colour,  being  en- 
tirely converted  into  oxide  of  lead. 

If  we  compare  this  behayiour  of  sugar  of  lead 
when  heated,  with  the  appearances  which  present 
themselyes  in  the  preparation  of  acetone,  we  shall  find 
that  at  first  scarcely  anything  but  water  is  given  off; 
and  on  account  of  the  frothing  which  results  from 
it,  the  heat  must  at  the  begioning  be  very  gently 
applied ;  then  follow  the  products  of  the  decompo- 
sition of  the  acetic  acid,  accompanied  by  a  small 
portion  of  this  acid,  which  passes  oyer  as  such, 
haying  escaped  decomposition.  The  volatile  pro- 
ducts are  principally  acetone,  carbonic  acid,  water, 
and  an  empyreumatic  oU.  The  acetone  is  thus 
formed ;  the  acetic  acid  loses  one  atom  of  carbon 
and  two  of  oxygen,  thus  : — 

C4H3O,  divides  into 
C3H3O  and  COg; 

port  of  the  carbonic  acid  combines  with  the  oxide 
of  lead,  the  remainder  escapes.  Another  portion 
of  acetic  acid  is  decomposed  into  an  empyreumatic 
oil : — CeHjO,  water  and  carbonic  acid,  thus  : — 

2  at.  C4H3O3,  form 

1  at.  CeHjO,  1  at.  HO,  and  2  at.  CO^. 

Finally,  the  carbon  of  a  third  portion  of  acetic  acid 
decomposes  the  carbonic  acid,  water  and  carbonic 
oxide  being  formed,  which  latter  reduces  a  certain 
portion  of  oxide  of  lead,  as  shown  in  the  following 
formula : — 

1  at.  C4H3O3,  and  4  at.  PbO,  form 

3  at.  HO,  4  at.  CO,  and  4  at.  Pb. 

That  a  considerable  portion  of  acetic  acid  is^  evolved. 
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as  such,  and  transformed  into  other  products  than  ace* 
tone  and  carbonic  acid,  the  following  consideration 
will  demonstrate.  2370  Parts  (1  atom)  of  crystallized 
sugar  of  lead  contain  658  parts  of  anhydrous  acetic 
acid  in  which  exist  the  elements  of  363  parts  of 
acetone  and  275  parts  of  carbonic  acid.  2370  Parts 
of  sugar  of  lead  should,  therefore,  other  considera- 
tions apart,  produce  363  parts,  or  nearly  ^  of  anhy- 
drous acetone ;  yet,  in  fact,  we  obtain  only  ^  of  this 
presumed  yield ;  or  from  ^  to  ^  of  the  weight  of 
sugar  of  lead ;  j  of  the  acetic  acid  in  the  sugar  of 
lead  is  lost,  of  which  the  greater  portion  is  not 
simply  volatilized,  but  transformed,  into  the  above- 
mentioned  products  of  decomposition.  Thus  but  a 
small  portion  of  lime  is  necessary  to  neutralize  the 
acid  in  the  first  distillate.  The  acetate  of  lime 
which  is  formed  remains  in  the  retort  with  a  portion 
of  water  and  empyreimiatic  oil,  when  about  §  of  the 
neutralized  liquid  has  distilled  over.  The  distilled 
portion  is  the  medicinal  Liquor  pyro-aceticus.  In 
order  to  deprive  it  entirely  of  water  and  empyreu- 
matic  oil,  it  is  rectified  in  a  water  bath  over  chloride 
of  calcium;  when  about  half  has  passed  over,  all 
the  oil  and  water  will  remain  behind  ;  and  at  this 
point  the  distillation  must  be  stopped,  as  the  receiver 
will  now  contain  all  the  acetone.  By  treating  the 
second  time  with  chloride  of  calciimi,  and  rect^ying 
in  a  water  bath,  the  last  trace  of  water  is  removed. 

Properties, — Pure  acetone  is  a  colourless,  mobUe 
liquid,  having  a  peculiar  ethereal  odour,  reminding 
one  of  acetic  ether,  and  faintly  empyreimiatic,  with 
a  pungent  taste.  Its  spec.  grav.  is  0*80.  It  boils 
at  132^  Fah. ;  it  is  mixible,  in  all  proportions,  with 
water,  alcohol,  and  ether ;  ignites  readily,  and  bums 
with  a  bright  flame. 

The  Liquor  pyro-aceticus  has  a  yellowish  tinge, 
possesses  the  properties  of  acetone,  but,  of  course, 
in  a  lower  degree,  and  is  more  empyreumatic  to  the 
taste.    Its  spec.  grav.  is  0*90. 
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Aceium    Coneentratum. — Concentrated    Acetic    Acid, 

FoBMXTLA  :  C4H3O3  +  xHO = A  +  xHO. ♦ 

Preparation. — ^In  a  tubulated  retort,  large  enough 
to  hold  twice  the  quantity  of  substances  em- 
^yed,  15  parts  of  powdered  acetate  of  lead  are 
placed,  and  to  this  is  added  4  parts  of  concen- 
trated sulphuric  acid  (English),  previously  mixed 
-with  three  parts  of  water  and  cooled.  A  leaden 
Teasel  is  the  best  to  mix  the  acid  and  water  in,  there 
being  no  fear  of  its  craeldng  on  accotmt  of  the  rise 
of  temperature,  or  of  contaminating  the  liquid,  av 
when  cast-iron  Teasels  are  used.  The  retort  is  now 
carefully  agitated  until  a  imiform  mixture  is  ob- 
tanied ;  it  is  then  placed  in  a  sand  bath,  and  con- 
nected with  a  capacious  glass  receiver,  into  nearly 
the  centre  of  which  the  retort  neck  should  reach. 
That  part  of  the  ret(»t  neck  in  contact  with  the 
receiver  is  surrounded  vrith  a  strip  of  white  paper, 
which  fixes  them  more  firmly,  and  renders  them 
less  liable  to  crack  than  when  the  two  glass  sur- 
foees  are  in  contact.  The  retort,  which  should  rest 
on  a  bed  of  sand  \  an  inch  thick,  and  with  which  it 
is  now  surrounded  to  a  level  with  the  contents,  is 
heated  gently,  and  the  fire  gradually  increased.  As 
soon  as  the  receiver  becomes  warm,  a  continuous 
stream  of  cold  water  is  allowed  to  flow  on  it  till  the 
process  is  ended.  The  fire  is  continued  until  the 
residue  appears  dry,  and  no  more  drops  are  visible 
at  the  beak  of  the  retort.    When  the  apparatus  is 


*  zHO  ngnifles  here,  as  in  all  other  formulas  in  which  it  is 
exiR«08ed,  a  quanti^  of  water  commensurate  with  the  state 
of  ooncentranon  of  the  preparation.  Prepared  according  t6 
the  formula  here  Riven,  the  concentrated  ac^ic  acid  wonkl 
contain  about  l6  HO. 

B  2 
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thoroughly  cooled,  the  contents  of  the  receiver  are 
poured  into  a  glass-stoppered  bottle.  The  produce 
should  be  9  parts  of  acetic  acid. 

Distillation  over  a  naked  fire,  although  preferable 
in  many  other  cases,  is  not  admissible  in  the  prepa- 
ration of  acetic  acid  from  sugar  of  lead,  as  in  order 
to  obtain  all  the  acetic  acid  a  slight  excess  of  sul- 
phuric acid  is  employed,  which,  when  all  the  acetic 
acid  had  distilled,  might,  at  that  temperature,  pos- 
sibly pass  over  and  contaminate  the  product.  With 
a  sand  heat  this  is  not  to  be  feared,  if  the  above- 
mentioned  quantity  of  sulphuric  acid  is  not  ex- 
ceeded. 

If  the  quantity  of  sugar  of  lead  employed  does 
not  exceed  1  pound,  the  residue  is  easily  removed 
from  the  retort  by  shaking  with  water.  When  operat- 
ing with  large  quantities  it  is  more  difficult,  and  in 
thiis  case  the  use  of  a  little  sulphate  of  soda  is  a  great 
assistance.  By  adding  to  the  acetate  of  lead  before 
distilling  4  its  weight  of  effloresced  Glauber's  salt, 
the  insoluble  residue  in  the  retort  is  more  readily 
removed  by  water,  which,  dissolving  the  Glauber's 
salt,  loosens  the  whole. 

Acetic  acid  is  also  advantageously  prepared  from 
the  impure  dried  acetate  of  soda.  On  5  parts  of 
this  salt,  a  mixture  of  6  parts  of  concentrated  sul- 
phuric acid  and  5  parts  of  water  is  poured,  and  the 
distillation  proceeded  with  as  in  the  preceding  case. 
The  produce  should  be  8^  parts. 

BecapitnlcUion, — Sugar  of  lead  consists  of  1   at. 

oxide  of  lead  (PbO),  1  at.  acetic  acid  (C4H303»A), 

and  3  at.  water  (HO)  =PbO  +  A  +  3H0,  the  equiva- 
lent number  of  which  is  2370  ;  the  concentrated 
sulphuric  acid  consists  of  1  at.  sulphuric  acid  (SOg), 
and  1  at.  water  (HO)  =  SO3  +  HO,  its  equivalent  is 
is  613.  When  brought  into  contact,  the  sulphuric 
acid,  on  account  of  its  greater  affinity  for  the  oxide 
of  lead,  combines  with  it  to  form  a  white  insoluble 
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salt,  which  remains  behind  on  heating,  whilst  the 
acetic  acid  passes  off. 

One  atom  of  sugar  of  lead  requires  exactly  one 
atom  of  hydrated  sulphuric  acid  entirely  to  decom- 
pose it. 

1  at.  PbO  + A+  3H0,  and  1  at.  SO3  +  HO,  form 

1  at.  PbO  +  SO3,  1  at.  A,  and  4  at.  HO. 

2370  Parts  of  the  first  reqiiire,  therefore,  613  parts 
of  acid,  or  15  parts,  require  3*87  parts.  In  the 
aboye  process  rather  more  is  ordered;  instead  of 
3*87,  4  parts  are  taken,  because  the  commercial 
^English  sidphuric  acid  generally  contains  somewhat 
more  than  1  at.  of  water ;  and  whilst,  with  proper 
caution,  a  slight  excess  of  sulphuric  acid  is  not 
prejudicial,  it  is  desirable  that  no  acetate  of  lead 
remain  undecomposed. 

All  the  water  contained  in  the  sugar  of  lead  and 
sulphuric  acid,  as  that  employed  to  dilute  the  latter, 
distils  oyer  with  the  acetic  acid.  This,  from  15 
parts  of  sugar  of  lead,  is  2*1,  from  4  of  sulphuric 
acid  0*7  parts,  which,  with  the  3  parts  added,  make 
5*8  parts.  In  15  parts  sugar  of  lead  are  contained 
4  parts  of  acetic  acid ;  the  distilled  product  must 
consequently  yield  9*8  parts,  supposing  all  loss  to  be 
avoided. 

The  sulphate  of  lead  in  the  retort,  after  washing 
and  drying,  can  be  used  as  a  painter's  colour,  or  be 
converted  into  chromate  of  lead  by  digestion  with 
chromate  of  potash. 

In  order  to  decompose  1  at.  of  acetate  of  soda 
entirely  over  a  sand  bath,  it  is  necessary  to  use  2  at., 
of  sulphuric  acid,  and  tiius  to  convert  it  into  the. 
bi-sulphate. 

1  at.  NaO  +  A,  and  2  at.  SO3  +  HO,  form 

1  at.  NaO  +  2SO3  +  HO,  1  at.  A,  and  1  at.  HO. 

1028  Parts  of  anhydrous  acetate  of  soda  require 
1226  parts  of  concentrated  sulphiiric  acid,  or  5  parts 
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of  the  first  and  6  of  the  acid.  The  5  parts  of  water, 
mixed  with  the  acid,  correspond  to  9  at. ;  and  as 
the  sulphuric  acid  also  giyes  up  1  at.  of  water,  (the 
other  atom  of  water  from  the  2  atoms  of  sulphuric 
acid  combining  with  the  bi-sulphate  of  soda,)  10  at. 
of  water  distil  over  with  the  acetic  acid.  The  com- 
mon acetate  of  soda  generally  contains  a  small 
quantity  of  extractive  matter,  and,  towards  the  end 
<^  the  process,  the  action  of  the  sulphiiric  acid  on  it 
causes  a  blackening  of  the  contents  of  the  retort, 
with,  at  the  same  time,  a  disengagement  of  sul- 
phurous acid,  which  renders  the  product  impure. 
In  this  case,  the  distillate  is  shaken  with  a  little 
peroxide  of  manganese  (MnOj),  by  which  the  sul- 
phurous acid  is  converted  into  sulphuric  and  hypo- 
sulphuric  acids,  and  these  combine  with  the  oxide 
of  manganese,  formed : — 

2  at.  MnOj  and  3  at.  SOj,  form 

1  at.  MnO  +  SO3  and  1  at.  MnO  +  SaOg. 

The  liquid  is  poured  off  the  excess  of  peroxide  of 
manganese,  and  re-distilled.  The  bi-sulphate  of 
soda  remaining  in  the  retort  readily  dissolves  in 
water,  and  the  solution  filtered  from  the  insoluble 
blade  organic  matter,  may,  after  neutralization  with 
lime,  be  used  as  Glauber  salts. 

ProperttM* — ^Acetic  acid  is  colourless,  and  of  a 
pore,  strong,  acid  smell  and  taste,  free  from  empy- 
rfiumatio  odour.  Prepared  according  to  the  pre- 
ceding directions,  it  has  a  spec.  grav.  of  1*045,  and 
2  parts  must  entirely  neutralize  1  part  of  dry  car- 
bcmate  of  potash ;  it  contains  about  64  per  c^it.  of 
add,  or  10  at.  of  water.  No  residue  should  occur  on 
evaporation.  Sulphuretted  hydrogen,  nitrate  of  ba- 
ryta, nitrate  of  silver,  and  ferrocyanide  of  potassium 
should  cause  no  change  in  it.  If  it  contain  empy- 
reumatic  matter,  it  may  be  detected  by  the  smell 
and  discoloration  on  the  addition  of  concentrated 
sulphuric  acid.     Sugar,  in  a  more  or  less  changed 
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condition,  is  an  impurity  occasionally  met  with  in 
commercial  acetic  acid,  (eyidently  arising  from  the 
dilution  of  strong  yinegar  with  that  from  starch 
sugar ;)  this  is  known  by  a  brownish  yellow  syrup, 
of  a  sweet  bitter  taste,  Uke  burnt  sugar,  remaining 
OD  eyaporation.  Also,  on  neutralizing  such  acetic 
acid  with  alkalies  and  eyaporating,  dark  brown  or 
blackish  salts  are  formed,  arising  from  the  action  of 
the  alkali  on  the  sugar.  If  a  milkiness  is  caused 
by  sulphuretted  hydrogen,  the  presence  of  sulphur' 
OU8  acid  is  denoted  from  ihe  partial  decomposition 
of  the  sidphuric  acid,  which  always  occurs  when 
acetates  not  free  from  colouring  matter  haye  been 
used.  The  milkiness  is  occasioned  by  the  hydrogen 
of  the  sulphuretted  hydrogen  combining  with  the 
oxygen  of  the  sulphurous  acid  to  form  water,  whilst 
the  sulphur  from  both,  combined  with  a  little  sul- 
phuretted hydrogen,  is  precipitated  as  milk  of 
sulphur : — 

1  at.  SO2  and  2  at.  SH,  form 

2  at.  HO  and  3  at.  S. 

If  sulphuretted  hydrogen  causes  a  blackening, 
lead  or  copper  may  be  present  (the  hydrogen  of  the 
sulphuretted  hydrogen  combines  with  the  oxygen 
of  the  oxide  of  copper  or  lead  forming  water, 
whilst  the  sulphur  goes  to  the  metal) ;  if  it  arises 
from  lead,  sidphuric  acid  causes  a  white  precipi- 
tate of  sulphate  of  lead ;  if  from  copper,  super- 
saturation  with  ammonia  imparts  a  blue  colour,  (com- 
bination of  oxide  of  copper  with  ammonia.)  A  white 
precipitate  on  the  addition  of  nitrate  of  baryta,  inso- 
luble in  nitric  acid,  denotes  sulphuric  acid,  whilst 
hydrochloric  acid  is  present  if  nitrate  of  silyer  giyes 
a  white  casiform  precipitate  insoluble  in  nitric  acid 
and  becoming  yiolet  when  exposed  to  the  light.  (In 
this  case  the  oxygen  of  the  oxide  of  silyer  combines 
with  the  hydrogen  of  the  hydrochloric  acid,  forming 
water,  and  the  silyer  with  the  chlorine,  leaying  the 
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nitric  acid  free.)  With  ferrocyanide  of  potassium  a 
reddish  brown  colour  indicates  copper ;  a  blue  one, 
iron.  To  explain  these  phenomena  we  must  consi- 
der the  iron  and  copper  to  exist  as  acetates.  The 
potassium  of  the  cyanide  of  potassium,  existing  in 
the  ferrocyanide,  extracts  the  oxygen  of  the  oxide 
of  copper  or  iron,  and  combines  with  the  acid  of 
these  metallic  salts,  forming  acetate  of  potash  ;  the 
copper  or  iron  thus  deprived  of  its  oxygen  and  acid 
combines  with  the  cyanogen  liberated,  to  form  a 
cyanide  of  copper  or  iron,  and  being  seized  upon  by 
the  ferrocyanogen  of  ferrocyanide  of  potassium  is 
precipitated  as  ferrocyanide  of  copper  or  ferrocya- 
nide of  iron  (Prussian  blue).  In  order  to  explain 
this  complex  decomposition,  we  will  turn  to  the 
chemical  formulas  of  the  salts  and  their  products. 

1  at.  (2KCy  +  reCy)  and  2  at.  CuO  +  A),  form 

2  at.  (K0  + A)  and  1  at.  (FeCy+  2CuCy). 

3  at.  (2KCy  +  FeCy)  and  2  at.  (Fe^Og  +  Ag) ,  form 
6  at.  (KO  +  A)  and  1  at.  (3FeCy+2Fe2Cy3), 

Purification, — ^From  non-volatile  impurities  the 
acetic  acid  is  very  readily  freed  by  simple  rectifica- 
tion in  glass  vessels ;  if  sulphuric  or  hydrochloric 
acid  is  present,  a  little  sugar  of  lead  is  added  pre- 
vious to  distillation  ;  and  for  sulphurous  acid,  pe- 
roxide of  manganese.  The  latter  acts  by  converting 
the  sulphurous  acid  into  sulphuric  and  hyposul- 
phiiric  at  the  expense  of  part  of  its  oxygen,  and 
being  reduced  to  the  protoxide,  combines  with  the 
acids  formed.  The  sugar  of  lead  combines  with  the 
hydrochloric  or  sulphuric  acid,  giving  off  its  own 
acetic  acid.  Empyreumatic  matter  is  removed  by 
shaking  with  rather  coarse,  freshly-heated,  wood 
charcoal,  filtering  and  rectifying  the  filtrate.  This 
latter  process  is  necessary  to  separate  any  inorganic 
constituents  that  the  acids  may  have  extracted  from 
the  charcoal. 
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The  teats  for  the  concentrated  acetic  acid  also 
apply  to  the  dilute,  which  must  give  no  precipitate 
with  the  before-mentioned  reagents.  A  good 
yinegar  must  be  colourless  or  only  slightly  yeUow, 
and  so  strong  that  2  ounces  entirely  neutralise  1 
drachm  of  carbonate  of  potash.  By  evaporation  it 
almost  always  leaves  a  brown  extractive  residue* 
arising  partly  from  the  materials  used  in  the  fer- 
mentation, and  partly  from  its  preparation  and  pre- 
servation in  wooden  vessels.  If  sulphuretted  hydro- 
gen gives  a  brown  precipitate,  this  may  be  frt>m  tiie 
presence  of  tin^  and  the  vinegar  has  probably  been 
distilled  in  a  vessel  with  a  tin  head  and  refrigerator. 
The  brown  precipitate  is  proto-sulphuret  of  tin,  and 
is  formed  from  ^e  protoxide  of  tin  dissolved  in  the 
acid.  The  protoidde  of  tin  will  be  more  readily  detect* 
ed  by  the  addition  of  a  solution  of  chloride  of  gold» 
which  causes  the  deep  purple  precipitate  known  aa 
purple  of  Cassius,  of  the  composition  of  this  sub- 
stance only  this  much  is  known,  that  it  contains  gold, 
tin  and  oxygen.  If  we  consider  these  three  ele- 
ments grouped  so  as  to  form  oxide  of  gold  *AuO, 
and  oxide  of  tin  sSn^Oj,  and  further,  that  pre- 
viously to  the  reaction  the  tin  existed  in  Uie  solution 
as  an  acetate  of  the  proto  and  peroxide,  we  shall 
find  that — 

2  at.  (AujClg)  and  14  at.  (Sn^Oa  +  SA),  form 
4  at.  (AuO  +  SSusOs)  ^purple  of  Cassius,  3  at. 

(Sn^CLj),  1  at.  (SnOg  +  Aj),  and  40  at.  A,  U- 
berated. 

Especial  care  must  be  taken  to  test  vinegar  for 
adxilterations  which  are  added  with  the  view  of  im- 
parting to  it  an  artificial  acidity  or  sharpness.  Of 
acids  added  with  a  frauduLeoit  intention,  the  hydro- 
chloric and  sulphuric  are  most  common  on  account 
of  their  cheapness, — ^the  higher  price  of  nitric  and 
tartaric  renders  their  use  less  probable.  Should 
only  a  sli^t  turbidness  be  caused  by  nitrate  of 


12  A0IDT7M  ACETICT7M  C0NCENTSATT7H. 

baryta  or  nitrate  of  silver,  it  must  not  be  considered 
as  a  fraudulent  adulteration,  because  most  yinegar 
is  prepared  with  well  or  spring  water,  which  always 
contains  traces  of  chlorides  or  sulphates  :  these,  of 
course,  will  be  found  in  the  vinegar.  We  can  at 
once  decide  that  it  is  adulterated,  should  the  before- 
mentioned  reagents  give  a  dense  precipitate ;  stUl  it 
is  better  to  proceed  as  follows : — 
-  4  ounces  of  vinegar  are  placed  in  a  retort,  with 
a  receiver  attached,  and  distilled  to  dryness,  then 
heated  so  long  as  anything  passes  over.  If  free 
tvlphuric  acid  be  present,  a  portion  of  it,  being  de- 
prived by  the  organic  matter  of  part  of  its  oxygen, 
will  be  found  as  sulphurous  acid,  and  detected  by 
its  odour  in  the  d&tillate,  which  also  will  contain 
sulphuric  acid,  as  nitrate  of  baryta  vrill  indicate. 
Another  still  more  convenient  method  is,  to  mix 
1  ounce  of  vinegar  with  some  grains  of  white  sugar, 
and  evaporate  at  a  very  gentle  heat ;  should  free 
sidphuric  acid  be  present,  the  residue,  so  soon  as  it 
attains  the  thickness  of  an  extract,  will  acquire  a 
deep  black  colour.  In  this  case  the  sugar  becomes 
decomposed,  its  hydrogen  and  oxygen,  as  water, 
being  abstracted  by  the  sulphuric  acid  and  the  car- 
bon Uberated.  To  detect  free  hydrochloric  acid,  the 
vinegar,  when  about  half  distilled  over,  is  tested 
with  nitrate  of  silver  ;  or,  4  ounces  of  vinegar  are, 
with  \  ounce  of  peroxide  of  manganese,  poured 
into  a  flask  and  a  glass  tube  attached,  the  other  end 
of  which  dips  into  a  glass  filled  with  water,  in 
which  a  few  drops  of  solution  of  indigo  are  dis- 
solved, and  the  contents  of  the  flask  brought  to  the 
boiling  point.  If  free  hydrochloric  acid  be  present, 
the  oxygen  of  the  peroxide  of  manganese  will  de- 
prive it  of  its  hydrogen,  one  half  of  the  liberated 
chlorine  combines  with  the  manganese,  the  other 
half  passes  over ;  and  so  soon  as  it  comes  in  con- 
tact with  the  indigo  solution,  the  latter  will  be 
destroyed  and  the  water  become  decolorized;    on 
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the  furtlier  evolution  of  chlorine,  the  water  will  be 
coloured  yellow  and  acquire  the  well-known  smell 
of  the  gas.  The  operation  is  finished  when  about 
half  the  vinegar  has  passed  over. 

The  vinegar  may  also  be  adulterated  with  pun- 
gent vegetable  matter,  as  capsicums  or  spurge  laurel 
roots.  Such  a  vinegar  neutralized  witii  carbonate 
of  potash  loses  its  sour  taste,  whilst  the  pungency 
arising  from  the  fedsification  becomes  still  more 
apparent.  The  detection  is  more  certain  if  the 
vinegar  is  first  reduced  by  evaporation  to  one- 
fourdi,  and  then  neutralized  and  tasted. 


ACIDUM  ACETICUM  CRYSTALLIZATUM. 

Acidum  aceticum  gladaie, — CrystcUlized  emetic 
acid, — Hydr<Ued  acetic  acid. 

Formula:  A  +  HO « C4H3O3  +  HO. 

Preparation, — 6  parts  of  sugar  of  lead  are  rub- 
bed to  a  fine  powder  in  a  porcelain 
mortar,  the  powder  thinly  spread  on 
a  flat  porcelain  dish  or  plate,  and  per- 
fectly dried  by  gently  heating  on  a 
sand-bath.  The  powder  is  now  in- 
jected into  a  thoroughly-dried  tubu- 
lated retort,  the  latter  connected,  by 
means  of  a  moistened  bladder  in  which 
a  few  fine  holes  are  made,  with  an 
equally  dry  receiver,  and  the  retort 
closed  with  a  good  cork,  through  which 
is  inserted  the  lower  end  of  a  doubly 
bent  funnel  tube  (see  the  accompany- 
ing figure).  The  retort  is  very  gendy 
warmed  in  the  sand  bath,  and,  by 
means  of  the  funnel  tube,  8  parts  of 
fuming  sidphuric  acid  are  gradually 
added.     Directly  the  acid  comes  in 
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contact  with  the  lead  salt,  thick  white  fumes  are 
evolyed  and  slowly  pass  into  the  receiyer,  which 
must  be  kept  very  cool.  As  soon  as  all  the  acid  is 
added  the  process  is  assisted  by  a  very  gentle  fire, 
which  is  continued  so  long  as  the  fumes  are  given 
off;  when  this  ceases  the  apparatus  is  allowed  to 
oool.  In  order  to  render  the  product  quite  pure» 
the  white  crystalline  mass  in  the  receiver  is  quickly 
rubbed  with  about  one  fourth  of  its  weight  c^ 
finely-powdered  and  well-dried  peroxide  of  man- 
ganese, the  mixture  placed  in  a  retort  connected 
with  a  receiver, — hoib.  must  be  thoroughly  clean 
and  dry, — and  the  retort  gently  heated  in  a  sand 
bath  so  long  as  white  vapours  are  given  off.  The 
receiver  is  disconnected,  and  warmed  to  liquefy  its 
contents,  which  are  poured  into  a  thoroughly  dry 
bottle,  having  a  well-ground  glass  stopper. 

The  dried  common  acetate  of  soda  may  also  be 
advantageously  employed  in  this  process :  5  parts 
of  it  require  6  of  fuming  sulphuric  acid,  and  the 
process  is  carried  on  according  to  the  previous  di- 
rections. 

BecapiitUatum, — ^This  process  is  essentially  the 
same  as  that  given  for  the  preparation  of  concen- 
trated acetic  acid.  In  order,  however,  to  obtain  the 
mono-hydrated  acetic  acid,  the  sugar  of  lead  must 
be  well  dried  to  free  it  from  its  water  of  crystalliza- 
tion, the  sulphuric  acid  used  containing  as  much 
water  as  is  required  by  the  acetic  acid,  whilst,  with 
a  larger  quantity,  the  acetic  acid  would  be  liquid 
instead  of  crysti^Ulzed ;  and  for  this  reason  the 
common  concentrated  sulphuric  acid,  which  con- 
tains more  than  one  atom  of  wat»,  cannot  be  em- 
ployed.   The  process  is  thus  expressed  : 

1  at.  PbO  +  A,  and  1  at.  SO3  +  HO,  form 
1  at.  PbO  +  SO3,  and  1  at.  A  +  HO. 

For  2370  parts  (crystallized)  of  acetate  of  lead,  613 
parts  of  sulphuric  acid  would  suffice ;  but  to  im- 
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part  a  certain  fluidity  to  the  mixture,  a  larger  por- 
tion of  sulphuric  acid  is  used.  As  soon  as  the  add 
comes  in  contact  with  the  salt  of  lead,  a  consider- 
able rise  of  temperature  takes  place,  which  woidd 
cause  a  fracture  of  the  retort,  if  the  latter  were  not 
preTiously  warmed,  and  the  acid  added  in  small 
portions  at  a  time.  The  double  bend  in  the  funnel 
tube  serves  to  hold  a  small  quantity  of  sulphuric 
acid,  and  this  preyents  the  escape  of  the  acetic 
add  vapours. 

The  distillate  always  contains* sulphurous  acid, 
and  probably  a  trace  of  lead  and  sulphuric  acid ; 
the  two  latter  are  mechanically  carried  over  by  the 
-violence  with  which  the  acetic  add  fumes  are 
evolved.  The  sulphurous  acid  is  partly  present  in 
the  fuming  sulphuric  acid,  and  partly  arises  from  the 
decomposition  of  the  latter  into  sulphurous  acid  and 
oxygen.  The  affinity  of  the  concentrated  sulphuric 
acid  for  water  is  so  great,  that  if  none  is  present  it 
forms  it  from  its  elements,  and  as  these  elements 
are  obtained  from  a  portion  of  the  acetic  add,  the 
carbon  of  this  substance  is  liberated,  and  some  of 
it  deoxidizing  another  part  of  the  sulphuric  add 
causes  the  evolution  of  carbonic  and  sidphuroua 
acids.  For  this  reason  the  residue  in  the  retort  is 
never  white,  but  'of  a  brown  colour,  from  the  free 
carbon.  In  order  to  remove  these  impurities, 
we  have  recourse  to  the  peroxide  of  manganese 
(ssMnOj))  which,  famishing  oxygen  to  the  sul- 
phurous acid,  converts  it  into  sulphuric  and  hypo- 
sulphuric  acids  ;  these  enter  into  combination  with 
the  protoxide  of  manganese  that  remains,  and 
of  course,  on  rectification,  are  left  behind  with 
the  lead  and  sulphuric  acid  that  may  have  been 
present. 

When  common  acetate  of  soda  is  used,  the  pre- 
sence of  the  extractive  matter  is  another  cause  of 
the  formation  of  sulphurous  add,  (as  explained  in 
the  previous  artide). 
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Properties, — ^Hydrated  acetic  acid  forms  a  mass  of 
colourless  crystalline  plates,  of  a  very  penetrating 
smell  and  sour  taste ;  it  melts  between  669  and 
61^  Fah.,  and  then  forms  a  colourless  liquid  haying 
a  specific  gravity  of  1*063.  Exposed  to  the  air  it 
fumes,  from  the  abstraction  and  condensation  of 
the  vapours  of  water  contained  in  the  atmosphere, 
gradually  loses  its  crystalline  property  and  becomes 
liquid.  Its  ordinary  impurities,  lead,  svJphuric  and 
atdphuroue  acids,  may  be  detected  as  in  concentrated 
acetic  acid. 


ACIDUM   ARSENICUM. 

Arsenic  Acid, 

Formula  :  AsjOg. 

Preparation. — 4  Parts  of  arsenious  acid  (white 
arsenic)  are  coarsely  powdered  in  an  iron  mortar, 
then  transferred  to  a  porcelain  one  and  rubbed  to  a 
fine  powder  (a  little  alcohol  being  added  to  allay 
the  dust),  then  gently  warmed  to  drive  off  the 
spirit,  and  put  into  a  retort  with  12  parts  of  nitric 
acid,  of  1*2  spec.  grav.  After  a  receiver  has  been 
adapted,  which  must  closely  fit  the  neck  of  the  re- 
tort, it  is  heated  in  a  sand  bath  so  long  as  anything 
goes  over.  The  heat  of  the  sand  bath  is  sufficient 
to  expel  all  the  nitric  acid.  In  order  to  relnove  the 
dry  arsenic  acid,  the  retort  must  be  broken ;  but 
should  this  not  be  desired,  10  parts  of  water  may  be 
added  and  the  retort  heated  in  a  sand  bath  until  all  its 
contents  are  dissolved ;  then  pour  into  a  porcelain 
dish  and  evaporate  to  dryness.  The  produce  will 
be  nearly  5  parts. 

JRecapitulation, — ^Arsenious  acid  consists  of  2  at.  of 
arsenic  (^Asg),  and  3  at.  of  oxygen  (O3),  =  AsjOj ; 
the  nitnc  acid  of  1  at.  of  nitrogen  (N)  and  6  at. 
oxygen  (O5),  "sNOg.     3  At.  arsenious  acid  abstract 
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firom  2  at.  of  nitric  acid  6  at.  of  oxygen,  and  form 
3  at.  arsenic  acid,  » AsjO^ ;  tiie  nitric  add  being  re- 
duced to  nitric  oxide,  NO,.  This  last  would  be 
given  off  as  a  colourless  gas ;  but  its  affinity  for 
oxygen  is  so  great,  that  it  abstracts  it  from  the 
atmospheric  air  contained  in  the  apparatus,  and 
hyponitric  acid  SSKO4  (iiitric  and  nitrous  acidi 
BNO5  +  -^^s)  ^  formed,  which  passes  into  the  re- 
ceiver as  yellowish  brown  vapour,  and  becomes 
absorbed  by  the  water  that  has  distilled  from  the 
nitric  acid. 

3  at.  AS2O3,  and  2  at.  NO5  form 

3  at.  AsjOa  2  at.  NO, ;  and  this  last,  with 

4  at.  O,  forms  2  at.  NO4. 

The  quantity  of  nitric  acid  requisite,  according  to 
stochiometrical  calculations,  is  not  in  practice  suffi- 
cient to  convert  the  whole  of  the  arsenious  acid  into 
arsenic  acid,  as  a  portion  of  it  distils  over  im- 
changed  vrith  the  products  of  deconq>o8ition.  An 
excess  of  nitric  acid  must  therefore  be  employed, 
and  the  above  proportions  (4  parts  of  arsenious  acid 
and  12  parts  of  nitric  acid,  containing  73  per  ct.  of 
water)  correspond  to  3  at.  AS2O3,  and  4  at.  NO5. 
On  accoimt  of  the  possibility  of  its  containing  a 
small  portion  of  arsenic,  the  distillate  must  be  used 
for  no  other  purpose. 

Properties, — ^Prepared  as  just  directed,  arsenic 
acid  is  a  white  porous  mass.  It  must  entirely  vola- 
tilize at  a  red  heat,  being  first  decomposed  into 
oxygen  and  arsenious  acid.  It  is  soluble  in  two 
parts  of  vrater.  The  presence  of  nitric  acid  (occur- 
ring when  the  distillation  is  discontinued  too  soon) 
may  be  detected  by  the  deeolorization  of  a  drop  d 
solution  of  indigo  when  added  to  a  concentrated 
solution  of  the  arsenic  acid  in  water.  Or  a.  small 
portion  is  placed  in  a  narrow  test  tube,  a  few  copper 
filings  and  water  are  added  and  gently  warmed ;  if 
nitric  acid  be  present,  the  tube  will  be  filled  vrith  yel- 

c  2 
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lowish  brown  yapours,  which  arise  from  the  oxida- 
tion of  the  copper  by  the  nitric  acid ;  the  latter  being 
reduced  to  nitric  oxide,  then  instantly  abstracting 
oxygen  from  the  air,  it  becomes  hyponitric  acid. 
The  oxide  of  copper  combines  with  the  arsenic 
acid. 

6  at.  Cu,  2  at.  NO5,  and  3  at.  AsjOj,  form 

3  at.  2CuO  +  AsgOg,  and  2  at.  NOj  ;  these  last,  with 

4  at.  O,  form  2  at.  NO4. 

With  nitrate  of  silver  the  arsenic  acid  giyes  a 
brownish  red  precipitate  of  arseniate  of  silver :  if 
it  approaches  a  yellow  colour  it  proves  that  it  still 
contains  arseniotu  acid.  This  is  determined  with 
greater  certainty  by  sulphuretted  hydrogen,  which  is 
passed  into  a  solution  of  1  part  of  arsenic  acid  dis- 
solved in  50  parts  of  water,  containing  a  little 
hydrochloric  acid.  In  case  arsenious  acid  is 
present,  a  lemon  yellow  precipitate  of  golden 
orpiment  (AsjSg)  is  formed ;  the  hydrogen  of  the 
sulphuretted  hydrogen  and  the  oxygen  of  the 
arsenious  acid  combine  as  water,  whUst  the  sulphur 
imites  with  the  arsenic.  It  is  necessary  that  the 
solution  be  dilute,  in  order  to  avoid  the  decomposi- 
tion of  the  arsenic  acid,  which  would  form  a  pale 
yellow  precipitate  of  the  higher  sulphuret,  AsgSg ; 
the  hydrochloric  acid  is  added  to  facilitate  the  sepa- 
ration of  the  sulphuret  of  arsenic. 


ACIDUM  BENZOICUM. 
Flores  Benzoes,  Benzoic  Acid.  Flowers  of  Benjamin, 
Fokmula:  Ci4Hfi03  +  HO«B+HO. 

Preparation, — ^This  acid  may  be  obtained  from 
gum  benzoin  either  by  the  dry  or  wet  method.  By 
tiie  wet  method  it  is  obtained  in  a  larger  quantity, 
and  suf&cientiy  pure  for  medicinal  purposes ;  never  • 
theless,  should  a  perfectiy  white  salt  be   desired, 
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this  is  only  obtained  at  the  expense  of  the  produce, 
and  the  dry  method  must  be  resorted  to. 

(a)  By  the  dry  method, — ^A  layer  of  powdered 
gum  benzoin,  not  more  than  i  an  inch  thick,  is 
spread  over  the  surface  of  a  flat  earthen  dish  with  a 
raised  rim,  on  which  a  sheet  of  white  bibulrus 
paper  is  strained  and  pasted ;  oyer  this  is  affixed  a 
conical-shaped  cap  of  glazed  paper,  with  a  diameter 
somewhat  larger  &an  the  edge  of  the  dish ;  and  the 
apparatus  thus  prepared  is  placed  on  the  iron  plate 
of  a  stove,  in  which  a  gentle  fire  is  kept  up,  which 
may  afterwards  be  somewhat  increased,  but  not 
sufficiently  to  allow  the  resin  to  char,  as  the  pro- 
ducts of  decomposition  would  in  this  case  con- 
taminate the  sublimed  benzoic  acid.  Prom  time  to 
time  the  paper  cap  is  taken  off,  and  its  contents,  as 
well  as  the  crystals  on  the  filtering  paper,  brushed 
off  into  a  proper  vessel.  When  no  more  sublimate 
is  formed  the  process  is  ended.  The  product  is 
from  -^  to  1^  of  the  resin  taken. 

(6)  By  the  wet  method. — 8  Parts  of  powdered  gum 
benzoin  are  mixed  with  2  parts  of  hydrate  of  Ume 
in  a  glass  flask,  well  shaken  together,  and  so  much 
water  added  that  the  whole  forms  a  thin  paste  (for 
which  purpose  16  parts  of  water  suffice) ;  the  flask 
is  then  placed  in  a  sand  bath  for  24  hoiirs,  fre- 
quently shaken,  and  the  water  renewed  so  often  as 
it  evaporates.  Where  several  pounds  of  resin  are 
operated  on  at  once,  a  copper  vessel  is  more  ser- 
viceable. The  pasty  mass  is  transferred  to  a  copper 
vessel,  100  parts  of  water  added,  and,  being  con- 
stantly stirred  with  a  wooden  spatula,  the  whole  is 
boiled  until  about  30  parts  of  water  have  evapo- 
rated ;  whilst  still  hot  it  is  filtered  through  white 
blotting  paper  spread  on  linen  ;  the  residue  is  again 
boiled  with  50  parts  of  water,  and  the  two  filtered 
solutions  mixed  and  evaporated  to  32  parts ;  with 
constant  stirring,  hydrochloric  add  is  now  added  so 
long  as  it  causes  a  turbidness  (2  parts  of  an  acid 
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of  spec.  gray.  1*130  are  sufficient),  and  the  whole 
allowed  to  remain  undisturbed  in  a  cool  spot  for  a 
day  or  two.  After  this  time  we  shall  find  it  all 
changed  into  a  thick  crystalline  paste.  The  benzoic 
acid  is  now  separated  from  the  solution  by  a  linen 
strainer,  well  pressed  and  dried,  then  boded  with 
twenty  times  its  weight  of  water ;  when  dissolved, 
it  is  strained  through  linen  and  allowed  to  stand  a 
day  or  two ;  the  crystals  are  then  separated,  pressed, 
and  dried  for  use.  8  Parts  of  gum  benzoin  should 
yield,  by  this  process,  1  or  1^  parts  of  acid. 

The  acid  is  generally  prepared  in  the  wet  way  by 
treating  the  resin  with  a  solution  of  carbonate  of 
potash  or  soda ;  the  disadvantage  of  this  method  is 
the  loss  of  product,  as,  when  the  solution  is  heated, 
the  gum  agglutinates  and  prevents  the  action  of  the 
alkali.  With  lime,  on  the  other  hand,  this  is  ob- 
viated, as  the  resin  always  remains,  during  the  boil- 
ing, in  a  state  of  powder. 

Recapitulation, — ^The  benzoic  acid  exists  in  a  free 
state  in  the  resin,  and  will  therefore,  on  account  of 
its  volatility,  be  expelled  by  heating,  though  a  cer- 
tain portion  is  always  lost  in  this  process,  owing  to 
its  decomposition  (at  the  expense  of  other  con- 
stituents of  the  gum  benzoin).  By  treating  with 
lime,  this  simply  combines  with  the  acid,  forming 
the  readily  soluble  benzoate  of  lime,  which  is  again 
decomposed  by  the  hydrochloric  acid,  the  benzoic 
acid  separating  as  a  fine  crystalline  powder,  whilst 
the  chloride  of  calcium  formed  remains  in  solution. 
The  object  of  the  subsequent  solution  in  hot  water 
is  to  effect  the  separation  of  resin,  which  has  be- 
come dissolved  in  the  treatment  with  lime.  The 
mother  liquors  from  which  the*  acid  has  separated, 
not  being  worth  evaporating,  may  be  thrown  away. 
The  residuary  resin,  after  sublimation,  may  be  used 
in  fumigating  mixtures,  if  it  has  not  been  too 
strongly  heated,  that  is  to  say  charred. 

Properties, — ^The  sublimed  acid  forms  groups  of 
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needles  and  scales,  exceedingly  light,  of  a  brilliant 
white  satin-like  lustre;  that  prepared  by  boiling 
appears  as  pale  yellow  needles.  Tlie  scent  remindls 
one  of  gum  benzoin,  and  is  due  to  a  volatile  oil 
which  adheres  to  the  crystals.  When  heated  in  a 
platinum  spoon  it  fuses  and  is  entirely  converted 
into  a  white  vapour,  which,  when  inhaled,  causes  a 
peculiar  prickmg  sensation  in  the  throat.  It  is 
readily  soluble  in  spirits  of  wine,  but  difficultly  so 
in  water,  of  which,  when  cold,  it  requires  200, 
when  boiling  20  parts  for  its  solution.  The  com- 
mercial acid  is  sometimes  adulterated.  If  it  is 
volatile  and,  when  treated  with  solution  of  x>ota8h, 
evolves  ammonia,  sal  ammoniac  is  present;  the 
potassium  combines  with  the  chlorine  of  the  sal 
ammoniac,  and  the  ammonia  is  liberated.  If  a 
residue  occurs  on  heating,  it  consists  of  some 
foreign  substance,  as  gypsum^  boracic  acid,  or  any 
other  salt,  the  nature  of  which  must  be  determined 
by  further  experiments.  Shoxdd  the  residue  be 
carbonaceous,  it  may  arise  from  the  presence  of 
reairif  or  the  salt  of  some  organic  acid.  If  the  acid 
has  the  odour  of  the  sweat  of  a  horse,  it  consists 
entirely  or  partly  of  that  nitrogenized  acid  found  in 
the  urine  of  herbivorous  animals,  viz.  hippuric  acid  ; 
and  in  this  case,  when  mixed  with  lime  and  heated 
in  a  glass  tube,  ammonia  is  evolved,  the  nitrogen 
combining  with  a  portion  of  the  hydrogen.  Should 
no  ammonia  escape  in  this  experiment,  it  will 
contain  no  hippuric  acid,  but  has  probably  been 
prepared  from  it,  and  the  odour  not  entirely  re- 
moved. 


ACIDUM  BORACICUM. 

Sal  seditivus  Homhergis. — Boracic  Acid. 

Formula  :  BO3+  3H0. 

Pr^Mration, — i  Parts  of  powdered  borax  are  put 

into  a  glass  or  porcelain  vessel,  with  10  parts  of 
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water,  and  heated  to  boiling ;  when  dissolved,  the 
solution  is  filtered,  mixed  with  three  parts  of  hydro- 
chloric acid,  spec.  gray.  1*130,  and  allowed  to  cool. 
The  crystalline  scales  begin  to  form  immediately ; 
they  are  collected,  after  a  day  or  two,  on  a  funnel, 
the  neck  of  which  is  loosely  stopped  with  a  glass 
stopper,  and  allowed  to  drain ;  after  most  of  the 
mother  liquor  has  separated,  they  are  slightly 
pressed  together,  washed  with  a  little  distilled 
water,  and  dried.  They  are  then  dissolved  in  six 
times  their  weight  of  boiling  distilled  water,  allowed 
to  crystallize,  drained  as  before,  and  dried.  The 
produce  will  be  about  H  parts. 

If  the  borax  be  decomposed  with  sulphuric  acid, 
as  generally  recommended,  the  boracic  acid  will 
contain  a  small  portion  of  sulphuric  acid,  that  can 
be  separated  only  by  alcohol,  or  by  heating  to 
redness. 

BeoapittUcttion.  —  Borax  consists  of  1  at.  soda 
(NaO),  2  at.  boracic  acid  (BO3),  and  10  at.  water 
(HO),  «NaO  +  2  BO3+  10  HO  ;  the  hydrochloric 
acid  of  1  at.  chlorine  (CI),  and  1  at.  hydrogen  (H). 
The  sodium,  on  account  of  its  greater  affiiiity  for 
chlorine,  unites  with  it,  forming  chloride  of  so- 
dium ;  the  oxygen  of  the  soda  forms  water  with  the 
hydrogen  of  the  hydrochloric  acid ;  and  the  greater 
part  of  the  boracic  acid,  combined  with  3  at.  of 
water,  separates,  being  only  slightly  soluble  in 
water.  To  decompose  1  at.  of  borax  exactly  1  at. 
of  hydrochloric  acid  is  necessary. 

1  at.  NaO  +  2BO3  +  lOHO,  and  1  at.  CIH,  form 
1  at.  NaCl,  2  at  BO3+  3H0,  and  5  at.  HO. 

2387  Parts  of  borax  require  466  parts  of  anhy- 
drous or  1760  parts  of  hydrochloric  acid,  of  spec, 
grav.  1*130  (which  contains  26  per  ct.  of  anhydrous 
acid) ;  consequently  4  parts  of  borax  require  3  parts 
of  this  hydrochloric  acid.  A  slight  excess  of  the 
latter  is  not  disadvantageous,  as  it  insures  the  total 
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decomposition  of  the  borax,  and  is  all  dissipated  on 
drying.  The  recrjstallitation  of  the  acid  is  to 
remove  a  slight  trace  of  chloride  of  sodium.  4  Parts 
of  borax  should  yield  exactly  2  parts  of  acid ;  a 
portion,  however,  remains  in  the  mother  liquor, 
which,  when  operating  on  small  quantities,  may  be 
thrown  away,  but  on  the  large  scale  is  evaporated 
and  the  acid  saved. 

Ptopertiss. — Boracic  acid  forms  white  scaly 
crystids,  of  a  mother-of-pearl  lustre,  feeling  unc- 
tuous to  the  touch,  having  no  smell,  and  a  feebly- 
sour,  somewhat  bitter  taste.  In  the  heat  it  loses 
water,  fusing  to  a  colourless  glass,  whicn  remains 
transparent  on  cooling.  The  crystallized  acid  dis- 
solves in  25  parts  <^  water  and  6  of  alcohol,  at  the 
ordinary  temperature ;  but  requires  only  3  parts  of 
boiling  water  for  its  solution.  The  solutions  either 
redden  litmus  paper  or  colour  turmeric  paper  brown, 
according  to  th^  concentration.  In  spirits  of 
wine  it  bums  with  a  green  flame.  When  not  care- 
fully prepared,  chloride  of  jorfttim  may  be  jnesent, 
and  nitrate  of  silver  will  cause  a  white  easiform 
jHrecipitate  of  chloride  of  silver,  becoming  vic^et  in 
the  light,  whilst  at  the  same  time  nitrate  <^  sodA 
is  formed.  If  the  materials  used  contained  ni^kur, 
or  should  sulphuric  instead  of  hydroehlorie  acid 
have  been  used,  tulphurie  aeid  i»  always  piresent, 
and  nitrate  of  baryta  wHl  cause  a  white  precipitate 
of  sulphate  of  baryta,  ins<^ble  in  nitric  add.  If 
the  acid  has  a  yellow  colour  (aa  is  easily  the  case 
when  the  common  acid  from  Tuscany  is  purified), 
either  iron  or  organic  matter  is  present.  Thit  latter 
is  known  by  the  acid  becoming  bladL  wben  heated 
in  a  platinum  spoon.  When  iron  is  present,  it  is 
separated  by  repeated  solutions  in  hot  water,  as 
hydrated  oxide  of  iron,  and  the  solution  gives,  with 
tincture  of  galls,  a  violet  or  blue  precipitate  of 
tanno-gallate  of  iron  (the  base  of  our  writing  ink). 
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ACIDUM  FORMICUM. 

Formic  Acid, 

Formula:  C2H03  +  xHO=F  +  xHO. 

Preparation, — 3  Farts  of  white  sugar  are  dissolved 
in  6  parts  of  water,  and  the  solution  poured  into  a 
copper  still,  which  is  sufficiently  large  to  hold  at 
least  5  times  as  much  as  the  quantity  of  substance 
used ;  to  this  is  added  9  parts  of  finely-powdered 
peroxide  of  manganese,  the  whole  warmed  by  meaoB 
of  a  charcoal  fire,  to  about  140  Fah.,  and  a  mixture 
of  9  parts  of  strong  sulphuric  acid,  and  9  parts  of 
water  added,  in  smsJl  portions  at  a  time  on  account 
of  the  strong  frothing  up  it  occasions.  The  still 
should  be  connected  with  a  tube,  through  which  the 
sulphuric  acid  can  be  poured,  so  that  as  soon  as  the 
smell  of  formic  acid  is  evolved,  the  head  may  be 
fixed  on  and  luted.  When  all  is  added,  the  fire  is 
increased,  and  the  distillation  carried  on  to  dryness. 
The  milky  distillate,  on  which  a  thin  layer  of  a 
brownish  yellow  ethereal  oil  swims,  is  saturated  with 
crystallized  carbonate  of  soda,  of  which  about  2  parts 
will  be  necessary,  filtered  and  evaporated  to  dryness. 
About  2  parts  of  yellow  formiate  of  soda  are  obtained; 
and  the  pure  formic  acid,  by  distilling  this  with  sul- 
phuric acid. 

The  relation  between  formiate  of  soda  and  concen- 
trated sulphuric  acid  is  1  at.  or  1  part  (14  parts)  of 
the  former,  and  2  at.  1}  parts  (20  parts)  of  the  latter. 
The  salt  is  placed  in  a  retort  large  enough  to  hold 
twice  the  quantity  ;  to  this,  the  sulphuric  acid,  first 
mixed  with  its  own  weight  of  water,  is  added,  and, 
after  connecting  with  a  receiver,  the  retort  is  heated 
and  the  distillation  contiaued  until  the  contents, 
which  graduallv  become  dark,  commence  puffing 
up.  2  Farts  of  formiate  of  soda  yield  4  parts  of  acid 
of  a  spec.  grav.  1'074. 
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Instead  of  sugar,  starch  may  be  employed ;  so 
also  carbonate  of  lime  may  replace  carbonate  of  soda 
in  neutralizing.  One  part  of  dry  formiate  of  lime 
requires  f  of  its  weight  of  concentrated,  or  an  equi- 
valent quantity  of  diluted,  suphuric  acid. 

BecapittUation. — ^White  sugar,  both  cane  and  beet- 
root sugar,  consists  of  Ci3HHOiia«Ci2HioOio  +  HO  ; 
black  oxide  of  manganese,  apart  from  &e  impuri- 
ties which  it  always  contains,  as  iron,  chalk,  &c.,  is 
nearly  a  peroxide,  consisting  of  1  at.  manganese 
(Mn)  and  2  at.  oxygen  (02)»Mn02 ;  or,  1  at.  prot- 
oxide of  manganese  (MnO)  and  1  at.  (O)  »MnO  +  O. 
When  the  sulphuric  acid  comes  in  contact,  it  seizes 
the  protoxide  of  manganese,  whilst  the  oxygen  of 
the  peroxide  becoming  liberated,  oxidizes  the  sugar, 
and  forms  with  it  nothing  but  volatile  products,  viz., 
carbonic  acid,  s-COg;  formic  acid,  » C2HO3 ;  an 
ethereal  volatile  oil, »  C^HjOj  ;  and  water,  HO.  No 
investigation  has  hitherto  been  carried  out  as  to  the 
relative  proportion  of  the  volatile' matters  obtained 
from  a  given  quantity,  of  jsugar.  It  is  impossible, 
therefore,  to  give  a'  stdchiometrical  formula  of  the 
process.  By  employing  starch  (CijHiqOk,)  exactly 
the  same  ]^roducts  are  obtained. 

The  sulphate  of  manganese  remaining  in  the  still, 
is  purified,  if  required  for  use,  by  heating  to  low 
re<hiess  in  a  Hessian  crucible  (in  order  to  destroy 
the  organic  matter,  and  render  the  iron  insoluble), 
then  cUssolved,  filtered,  and  crystallized. 

The  preparation  of  the  formic  acid  from  the  soda 
or  lime  salt  is  based  on  the  stronger  affinity  of  sul- 
phuric acid  to  those  bases  ;  forming  either  bi-sul- 
phate  of  soda  or  neutral  sidphate  of  lime.  The 
sulphuric  acid  must  not  be  us^  concentrated,  as  it 
would  decompose  the  formic  acid  into  carbonic 
oxide  and  water.  Prom  1  at.  CgHCX  are  formed, 
under  these  circumstances,  2C0  and  HO. 

Properties, — ^Pureformic  acid  is  a  colourless  liquid, 
of  a  sour  taste  and  sharp  pungent  smell,  something 
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like  acetic  acid.  It  is  miscible  with  water,  spirit,  and 
ether,  in  all  proportions,  without  forming  a  turbid 
solution.  The  acid  of  a  spec.  gray.  1*074  contains 
79  per  ct.  or  15  at.  of  water.  In  order  to  determine 
whether  acetic  acid  is  present,  and  prepared  as  above 
directed  this  is  often  the  case,  a  small  portion  is 
diluted  with  water,  boiled  with  excess  of  peroxide  of 
mercury,  and  filtered  as  soon  as  the  efferrescence 
ceases.  If  one  portion  of  the  filtered  solution  gives 
a  black  precipitate  with  sulphuretted  hydrogen, 
and  another  portion,  when  gently  evaporated,  yields 
feathery  or  white  dcaly  crystals,  the  presence  of 
acetic  acid  is  demonstrated.  In  this  reaction  the 
formic  acid  abstracts  oxygen  from  the  peroxide  of 
mercury,  reducing  it  to  the  protoxide  with  the  ne- 
cessary quantity  of  which,  acetic  acid,  if  present, 
combines  to  form  the  soluble  (though  difficultly  so 

in  the  cold)  proto^  acetate  of  merciiry  (Hg^O  +  A). 
The  remainder  of  the  protoxide,  even  when  excess 
of  peroxide  is  present,  will  be  reduced  to  the  me- 
tallic state  by  the  formic  acid,  with  evolution  of 
carbonic  acid : — 

2  at.  HgO  and  1  at.  C2HO3,  form 
2  at.  CO2,  1  at.  HO,  and  2  at.  Hg, 

whilst  the  acetate  of  mercury  that  is  formed  remains 
in  solution  unchanged.  This  latter  salt  is  readily 
known  by  the  form  of  its  crystals  and  decomposition 
by  sulphuretted  hydrogen  into  free  acetic  acid  and 
erulphuret  of  mercury : — 

1  at.  HgaO  +  A  and  1  at.  SH,  form 
1  at.  HgaS,  HO,  and  A. 

Hydrochloric  acid  is  known  by  the  white  casiform 
{precipitate  with  nitrate  of  silver,  and  aiUphuric  acid 
by  the  white  pulverulent  precipitate  with  nitrate  of 
baryta. 

Furijication, — ^If  the  formic  acid  be  coloured  yel- 
low, it  is  to  be  rectified  over  powdered  charooaL    If 
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Qtfun  Inrdrochloric  or  sulplmric  acid,  a  little 
nate  of  soda  is  added,  (as  much  as  appean 
sary  to  neutralize  these  two  acids,)  and  then 
Led  nearly  to  dryness.  If  it  contain  acetic  acid  it 
ye  necessary  to  saturate  the  acid  with  carbon- 
f  lead,  and  then  to  separate  by  filtration  the 
iltly  soluble  formiate  of  lead  from  the  readily 
le  acetate.  The  precipitate  is  dried  and  dis- 
with  i  its  weight  of  concentrated  sulphuric 
previously  diluted  with  an  equal  weight  of 


ACIDUM  GALLICUM. 
Gallic  Acid, 

mula:  C7H03  +  2HO+Aq«Ga  +  2HO  +  Aq. 

sparation, — ^Any  quantity  of  finely  powdered 
luts  is  mixed,  in  a  shallow  porcehun  or  glazed 
1,  with  sufficient  water  to  iorm  a  thin  paste, 
mass  is  frequently  stirred,  the  water  renewed 
yaporates,  and  allowed  to  stand  several  months, 
the  filtered  solution  of  a  portion,  previously 
1  with  water,  gives  no  precipitate  with  a  solu- 
)f  gelatine  ;  in  the  summer  the  ordinary  tem- 
ore  is  sufficient,  but  in  the  winter  it  will  be 
sary  to  place  it  near  a  fire.  If  on  testing  with 
ne  solution,  only  a  slight  turbidness  ensues, 
nil  not  be  of  consequence,  as  the  tannic  acid 
at  will  eventually  remain  in  the  mother  liquid, 
mass  is  now  mixed  with  at  least  8  times  its 
It  of  water,  boiled  for  half-an-hour,  the  gray  or 
ish  solution  strained  through  a  thick  linen 
,  and  the  residue  well  washed  with  hot  water, 
vhole  of  the  filtered  liquids  are  now  evaporated 
e  same  porcelain  vessel,  previously  cleaned, 
of  the  thickness  of  syrup ;  then  mixed  with 
powdered  wood  charcoal,   (about  i  of  the 
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weight  of  the  gall  nuts  employed,)  and  carefully 
evaporated  to  dryness.  The  dried  mass  is  powdered 
and  digested  in  the  sand  bath  with  four  times  its 
weight  of  alcohol,  of  at  least  80  per  ct.,  filtered  whilst 
warm,  and  again  digested  with  the  same  quantity  of 
Idcohol ;  the  yellow  spirituous  solutions  are  mixed 
with  some  water,  and  then  distilled  from  a  retort,  in 
order  to  recover  the  alcohol.  The  crystalline  pasty 
mass  is  rinsed  out  into  a  dish,  and  so  much  water 
added,  that  on  heating  it  forms  a  solution,  which  is 
to  be  quickly  filtered  and  placed  in  the  cold.  After 
several  days  the  crystalline  mass  is  pressed,  (the 
mother  liquor  on  evaporation  yields  some  acid,)  and 
purified  by  dissolving  several  times  in  hot  water 
and  crystallizing.  The  produce  is  somewhat  more 
than  a  third  of  3ie  weight  of  the  galls  used. 

The  method  employed  by  Scheele,  the  discoverer 
of  gallic  acid,  viz.,  to  allow  an  infusion  of  gall  nuts 
to  become  mouldy,  is  both  more  tedious  and  less 
productive.  The  same  may  be  said  of  the  process 
by  treating  an  infusion  of  gall  nuts  with  sulphuric 
or  hydrochloric  acid. 

Recapitulation — Gallic  acid  does  not  exist  in  gall 
nuts  ready  formed,  but  is  produced,  together  with 
carbonic  acid,  by  the  action  of  the  atmospheric 
oxygen  on  the  tannin,  of  which  the  gall  nuts  con- 
tain variable  proportions  according  to  their  good- 
ness, but  generally  more  than  50  per  ct. ;  1  at.  of 
tannin  absorbs  8  at.  of  oxygen,  and  forms  2  at.  of 
gallic  acid,  6  at.  water,  and  4  at.  carbonic  acid  : — 

1  at.  CigHgOi2  ^^^  ^  ^^*  ^f  ^orm 

2  at.  C7HO3,  6  at.  HO,  and  4  at  COg. 

2650  Parts  of  tannin  must,  therefore,  form  1688 
parts  of  anhydrous  gallic  acid,  or  2363  of  crystal- 
lized, combined  with  3  at.  of  water.  So  much  as 
this  is,  however,  never  obtained  in  practice,  because 
during  the  digestion  of  the  gall  nuts  with  water,  a 
portion  of  the  first-formed  gallic  acid  becomes  con- 
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verted  into  a  gray  or  black  carbonaceoas  body.  To 
separate  this  entirely,  the  watery  extract  moat  be 
treated  with  alcohol,  in  which  tlus  fcareign  body  ia 
insoluble,  and  the  charcoal  powder  is  added  in 
order  to  dry  and  powder  the  extract  more  readily. 
The  latter  also  serves  to  decolorixe  the  product. 

Properties, — ^Pure  gallic  acid  crystallizes  in  white 
needles,  which  entirely  sublime  when  heated,  but 
it  then  possesses  another  composition  being  the 
so-called  j7yn>-^a/^  acid,  which  is  crystallized  gallic 
acid,  minus  1  at.  water  and  1  at.  carbonic  acid 
=  CgHsO  J, 

1  at.  C7HO3  +  2HO  +  Aq.,  forms 

1  at.  CSH3O3,  1  at.  CO2,  and  1  at.  HO. 

Gallic  acid  is  odourless,  tastes  slightly  acid  and 
astringent ;  it  dissolves  in  100  parts  of  cold,  bat 
much  more  readily  in  hot  water,  as  well  as  alcohol ; 
it  is  also  tolerably  soluble  in  ether.  If  it  contains 
any  tannin  a  solution  of  gelatine  is  rendered  turbid 
by  it,  whilst  pure  gallic  acid  should  effect  no  change. 
This  precipitate  or  turbidness  consists  of  a  com- 
pound of  tannin  and  gelatine,  which  is  insoluble  in 
water,  in  fact  leather  is  formed ;  the  manufacture  of 
this  precipitate  on  the  large  scale  constitutes  the 
important  art  of  tanning. 


ACIDUM    HYDROCYANICUM. 

Pntssic  Acid, — Hydrocyanic  Acid, 

Formula:   HCy  (HC2N)  +  xHO. 

Preparation. — ^EEitherto  the  ferrocyanide  of  potas- 
sium has  almost  always  been  used  for  the  prepara- 
tion of  prussic  acid  ;  as,  however,  we  have  £ot  some 
time  been  acquainted  with  a  cheap  and  easy  method 
of  preparing  cyanide  of  potassium,  we  may  expect 
^hat  it  will  finally  replace  the  ferrocyanide,  the  use 
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of  whicli  is  attended  with  some  inconyenience  in 
the  manufacture  of  the  acid ;  both  methods  inll 
here  be  fully  discussed. 

(a)  From  Ferrocyanide  ofPoUxssium, — Of  the  many 
processes  that  haye  been  described,  I  will  mention 
only  one,  which  yields  a  preparation  remaining 
unaltered  for  twelye  months,  according  to  my  own 
experience.  It  is  the  same  as  contained  in  the 
"Bavarian  Pharmacopoeia."  4  Parts  (ounces)  of 
ferrocyanide  of  potassiimi  (yellow  prussiate  of 
potash)  are  dissolved  in  16  parts  of  common 
water,  in  a  stoppered  glass  bottle,  a  previously 
cooled  mixture  of  3  parts  concentrated  sulphuric 
acid  and  12  parts  alcohol,  spec.  grav.  0*84  (=80 
per  ct.),  is  added,  and  allowed  to  digest,  with  occa- 
sional shaking,  for  24  hours,  at  the  ordinary  tem- 
perature. The  crystalline  sediment  is  then  sepa- 
rated by  a  linen  strainer,  the  liquid  placed  in  a 
tubulated  retort,  capable  of  holding  at  least  6  times 
as  much,  at  the  bottom  of  which  is  a  layer  of  silver 
sand,  and  then,  either  over  a  naked  fire  or  sand  bath, 
so  much  is  distilled  from  it  as  vdll  equal  in  bulk  20 
parts  of  distilled  water.  The  weight  of  this  distil- 
late will  equal  18^  parts;  and  if  we  consider  20 
parts  of  distilled  water  as  20  ounces,  the  like  volimie 
of  the  distillate  vdll  weigh  18^  oimces.  To  deter- 
mine this  quantity  exactly  (for  it  must  not  be  dis- 
tilled to  dryness)  the  apparatus  should  be  constructed 
as  in  the  accompanying  wood-cut. 

To  the  retort  (a),  which  is  so  placed  that  its  neck 
is  inclined  as  slightly  as  possible,  is  att€u;hed  by 
means  of  airtight  bladder,  the  tubulated  receiver  (b) 
in  such  a  manner  that  the  exit  tube,  which  must  be 
as  long  and  as  fine  as  possible,  points  downwards. 
The  receiver  itself  rests  on  a  stool,  having  a  circular 
hole  in  the  middle,  of  some  inches  diameter,  through 
which  this  tube  passes .  The  tube  is  connected  wiih. 
a  bottle,  having  a  neck  sufficiently  large  to  allow  it 
to  be  inserted,  and  capable  of  holding  somewhat 


more  then  30  ounces  of  water.  The  most  oamS^ 
nient  sort  of  bottle  ja  one,  as  c,  having  a  long  neck, 
to  about  the  middle  of  wliith  20  ounces  of  water 
frill  reach  ;  this  point  U  marked  with  a  flie,  the 
water  emptied  out,  tie  bottle  and  tube  connected 
with  bladder,  haring  a  t(!W  Gmall  holes  punctured 
io  it,  to  permit  the  air,  which  becomes  expanded 
I  during  the  distillatioD,  to  escape.  A  Btream  of 
IS  allowed  to  flow  on  the  bottle  to  cool  it,  and 


not  on  the  leceiTei,  as  otherwise  tlie  bladder  would 
become  softened  and  permeable.  With  the  refri- 
mtstory  apparatus  in  use  in  the  laboratory  of  the 
Pharmaceutical  Institution  at  Munich,  this  is  espe- 
ciallj  easy.  To  the  wall  of  the  chimney  is  attached 
a  thick  leaded  pipe  U  f),  iu  which,  at  a  distance  of 
1(  feet,  are  soldered  perpendicular  eiit  pipes  (y), 
at  the  other  ends  of  these  are  straight  brass  taps  (A) . 
Orer  the  tube  of  the  cock  ia  passed  a  leathern  hose 
<w  pipe,  of  about  )  an  inch  in  dismeter ;  this  a 
&stened  with  pack-thread,  and  the  other  end  con-- 
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ducted  to  the  recelyer.  The  quantity  of  water  that 
passes  may  be  regulated  by  the  tap.  So  soon  as 
the  product  of  distillation  reaches  the  neck,  the 
bottle  is  taken  away,  and  a  fresh  one  substi- 
tuted; or  else  the  apparatus  should  be  remoyed 
into  the  open  air,  to  prevent  any  ill  effects  happen- 
ing to  the  manipulator  from  the  hydrocyanic  acid 
Tapours  which  yet  continue  to  be  evolved  from  the 
retort. 

(6)  From  Cyanide  of  Potcusium,  prepared  according 
to  Li^ng*»  method, — The  apparatus  just  described 
may  be  used  in  this  case,  but  if  only  one  or  two 
ounces  are  to  be  prepared,  which,  for  medicinal 
purposes,  is  often  most  convenient,  the  following 


method  is  more  simple.  In  a  glass  flask  (a),  holding 
from  4  to  6  oimces,  is  fitted  a  well-closed  cork, 
through  which  is  passed  the  shorter  limb  of  a  doubly- 
turned  glass  tube,  or  rather  of  two  glass  tubes,  bent 
at  right  angles,  and  fastened  together  ;  the  longest 
limb  dips  into  a  glass  bottle  (6),  which,  to  a  certaia 
point  in  the  neck  (that  is  marked  with  a  file)  will 
hold  1080  grains  of  distilled  water.  In  this  (empty) 
glass  bottle  660  grains  of  alcohol,  spec.  gray.  '840, 
are  weighed  ;  in  Sie  flask  810  grains  of  dilute  sul- 
phuric acid  (consisting  of  one  part  strong  acid  and 
5  parts  water)  are  poured,  and  to  this  are  added 
135  grains  of  cyanide  of  potassium,  if  possible  in 
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one  piece,  the  cork  quickly  inserted,  then  luted  and 
secured  with  bladder,  the  longer  limb  of  the  tube  is 
passed  into  the  bottle  below  the  surface  of  the 
alcohol,  and  the  mouth  of  the  bottle  tied  oyer  with 
bladder,  which  is  then  punctured  with  a  pin.  The 
flask  is  now  heated  on  a  sand  bath  until  the  bottle 
(which  must  be  kept  very  cool)  is  fiill  up  to  the  file 
mark,  on  which  the  tube  is  immediately  withdrawn, 
and  the  bottle  corked.  The  distillate,  which,  with 
the  alcohol,  occupies  the  space  of  1080  grains  of 
distilled  water,  will  weigh  exactly  1000  grains. 

Recapitulatum  (a), — ^The  yellow  prussiate  of  i>otash 
is  a  compoimd  oi  2  at.  cyanide  of  jratassium,  1  at.  of 
protocyanide  of  iron,  and  3  at.  of  water =2K.Cy  + 
FeCy  +  3H0.  When  brought  in  contact  with  dilute 
sulphuric  acid,  only  f  of  iSie  cyanide  of  potassitmi 
form  hydrocyanic  acid  and  potash,  water  being 
eyolyed  ;  the  remaining  ^  of  the  cyanide  of  potas- 
sium escapes  decomposition,  and  combined  with  the 
cyanide  of  iron,  remains  in  solution.  If  we  take, 
in  order  to  ayoid  fractions,  3  at.  of  yellow  prussiate 
of  potash,  the  process  is  explained  by  the  formula, 
as  follows : — 

3  at.  2KCy  +  FeCy  +  3H0,  and  4  at.  SO3  +  HO,  form 
1  at.  2KCy  +  3FeCy,  4  at.  KO  +  SO3  and  4  at  HCy. 

7926  Parts  of  the  yellow  salt  require  2452  parts  of 
hydrated  sulphuric  acid.  The  prescribed  quantity 
of  acid  (3  parts  to  4  of  the  salt)  is  consequently 
more  than  sufficient  to  form  the  bi- sulphate  of 
potash ;  the  excess  is  of  no  consequence.  If  we 
assume  that  bi- sulphate  of  potash  is  formed,  this, 
as  soon  as  alcohol  is  introduced,  will  be  converted 
into  free  sidphuric  acid  and  sulphate  of  potash. 
The  white  crystalline  precipitate  that  occurs  on 
mixing  sidphuric  acid  and  alcohol  to  a  solution  of 
prussiate  of  potash,  consists  of  the  sulphate  of  pot- 
ash. The  separation  of  the  sulphate  of  potash, 
preWous  to  distillation,  is  not,  however,  the  most 
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important  service  the  alcohol  renders ;  its  chief  use 
is  to  preserve  the  prussic  acid.  Without  the  addi- 
tion of  alcohol,  the  prussic  acid  soon  begins  to  de- 
compose, becoming  of  a  brown  coloiir,  and  cyanide 
of  ammoni\im  is  formed,  whilst  a  carbonaceous  sub- 
stance, containing  nitrogen,  subsides  : — 

4  at.  HCy  form 

1  at.  NH^Cy  and  Cy2  +  Cj. 

During  the  distillation  of  the  alcoholic  solution, 
after  its  separation  from  the  sulphate  of  potash,  a 
white'deposit  forms,  which  gradually  becomes  green, 
then  blue,  and,  by  adhering  to  the  bottom  of  the 
retort,  occasions  a  strong  bumping  of  the  contents, 
often  causing  a  portion  to  spirt  over,  or  even  the 
fracture  of  the  retort ;  to  avoid  this,  a  little  silver 
sand  is  placed  in  the  retort,  which  prevents  the  pre- 
cipitate from  lying  too  closely  at  the  bottom.  Pla- 
tinum vnre,  which  has  been  recommended,  does 
not  effect  this.  The  decomposition  of  the  com- 
pound 2KCy  +  3FeCy  during  the  dlBtillation,  is  the 
cause  of  the  precipitate,  which  consists  of  cyanide 
of  iron  FeCy  ;  this,  however,  is  not  quite  piire,  but 
combined  with  a  certain  portion  of  cyanide  of  pot- 
assium. The  change  of  colour  in  tiie  precipitate, 
which  finally  becomes  blue,  is  due  to  the  formation 
of  Prussian  blue  (3FeCy  +  2F2Cy3) ;  this  is  caused 
by  the  action  of  the  oxygen  of  the  air  on  the  FeCy, 
which  first  forms  protoxide,  and  afterwards  peroxide 
of  iron : — 

9  at.  FeCy  and  3  at.  O  form 

1  at.  3FeCy  +  2Fe2Cy3  and  1  at.  FeaOg. 

If  we  trace  the  decomposition  of  the  substance 
2KCy  +  3FeCy  more  exactiy,  we  shall  find  that  so 
soon  as  cyanide  of  iron,  containing  but  little 
cyanide  of  potassium  precipitates,  cyanide  of  iron 
richer  in  cyanide  of  potassium,  must  remain  in 
solution, — that    is,    some    yellow    ferrocyanide    of 
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XK)tajssiTim  (2KCy  +  FeCy)  is  instantly  formed ;  on 
this  the  free  sulphuric  acid  present  wUl  act  as  at 
first  (when  the  solution  of  yellow  pnissiate  of 
potash  is  brought  in  contact  with  the  alcohol  and 
sulphuric  acid) ;  at  the  same  time  the  fresh  quan- 
tity of  prussic  acid  eyolyed  is  so  trifling  as  not  to 
affect  the  preceding  assumption,  that  only  f  of  the 
cyanide  of  potassium  present  in  the  ferrocyanide  of 
potassium  is  conyerted  into  prussic  acid ;  this  the 
following  obseryation  proyes  : — 

4  ounces  of  crystallized  ferrocyanide  of  potassium 
contain  708  grains  of  cyanogen,  of  which  §  »472 
grains,  belotig  to  the  potassium,  and  |,  »  236  grains, 
to  the  iron.  The  distillate  (18^  ounces)  contains 
(3^  per  ct.,  or)  311  grains  of  anhydrous  prussic  acid, 
which  denotes  300  grains  of  cyanogen.  472  x  2:3 
howeyer  =315  grains.  The  deficiency  of  15  graimi 
(315  —  300  =  15)  in  the  distillate  is  compensate  for 
by  an  exact  attention  to  the  direction,  according  to 
which  only  so  much  shall  be  abstracted  as  will 
occupy  the  space  of  20  ounces  of  water.  The 
small  quantity  of  liquid  remaining  in  the  retort 
indicates,  howeyer,  by  its  smell,  the  presence  of  a 
little  prussic  acid ;  and  finally  it  must  not  be  for- 
gotten, that  it  is  almost  impossible  to  ayoid  a 
triflmg  loss  of  the  acid  during  the  process. 

(b)  Fused  cyanide  of  potassium  consists  of  7  at. 
cyanide  of  potassium  (K.Cy)  and  3  at.  of  cyanate 
of  potash  (KO  +  CyOJ  =7fcCy+3  (KO  +  C5yO).« 
By  sulphuric  acid  and  water  it  is  decomposed,  so 
that  the  cyanide  of  potassium  is  conyerted  into 
hydrocyanic  acid  and  potash,  which,  combining 
with  the  sulphuric  acid,  forms  sidphate  of  potash. 
The  potash  of  the  cyanate  of  potash  at  the  same 
time    passes    to    the    sulphuric    acid,   whilst    the 


•  The  fbrmulft  here  giyen  for  the  ftued  cyanide  of  potfUHituD, 
ii  based  <m  seyeral  of  my  own  uialyses  of  this  lalt,  which  will 
be  noticed  under  the  article  KaU  cjanatum  ftisum. 
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liberated  cyanic  acid,  owing  to  the  water  present^ 
is  converted  into  carbonic  acid  and  ammonia ;  the 
former  of  these  is  eyolyed,  and  the  latter  combines 
with  the  sulphuric  acid.  The  residue  of  the  dis- 
tillation is  consequently  sulphate  of  potash  and  sul- 
phate of  ammonia;  whilst  prussic  acid,  carbonic 
acid,  and  water  are  given  off. 

1  at.  TKCy  +  3(K0  +  CyO),  13  at.  SO3  and 

19  at.  HO,  form 
10  at.  KO  +  SO3,  3  at.  NH4O  +  SOj,   7  at. 

HCy,  and  6  at.  00^. 

8750  Parts  of  cyanide  of  potassium  require,  accord- 
ing to  this,  7969  parts  of  hydrated  sulphuric  acid. 
Equal  parts  of  both  is  the  best  proportion,  as  the 
small  excess  of  sulphuric  acid  assists  in  the  decom- 
position. 135  Grains  of  cyanide  of  potassium  con- 
tain 35*1  grains  cyanogen  capable  of  forming 
cyanide  of  hydrogen ;  the  quantity  of  the  latter, 
that  is  of  anhydrous  prussic  acid,  equals  therefore 
36*2  grains.  On  account  of  a  small  loss,  which  is 
unavoidable,  the  distillate  mixed  with  the  alcohol, 
that  is  1000  grains,  will  not  contain  more  than  35 
grains.  Consequently  100  grains  contain  3*5  grains, 
or  3^  per  ct.,  and  the  strength  of  this  prussic  acid 
corresponds  with  that  prepared  from  prussiate  of 
potash,  described  under  (a).  The  same  quantity  of 
alcohol  is  also  contained  in  each,  viz.  52  per  ct.  by 
weight,  the  spec.  gray,  is  '900,  so  that  both  the 
prussic  acids  are  in  every  respect  identical.  An  in- 
significant objection  to  Uie  identity  of  the  two  acids 
is,  that  by  the  action  of  sulphuric  acid  on  the 
alcohol  ether  is  formed,  and  the  presence  of  formic 
acid  has  been  noticed. 

According  to  the  proportion  of  cyanide  of  potas- 
sium, the  prussic  acid  will  be  stronger  or  weaker. 
For  instance,  116  grains  cyanide  of  potassium 
(with  the  same  quantity  of  sulphuric  acid,  alcohol, 
&c.,  as  for  135  grains  of  cyanide  of  potassium)  will 


Jive  an  actd  of  3  per  ct.,  77  graiofi  one  of  2  per  ct,. 

Properfiffii.—  Prepared  according  to  either  melhod, 
Xbe  pmssic  acid  is  a  colourless,  highlv-poisonoua 
fluid,  Binelling  strongly  of  bitter  ahnonds  and 
alcohol,  has  a  ipec.  gmv.  of  D'900,  and  is  endrelj 
Tolalile.  In  order  to  prevent,  as  much  as  possible, 
any  decomposition  or  cliange  in  stren^h,  it  should 
be  kept  in  H  well-closed  bottle,  in  a  cool  and  dark 
place.  The  proportion  of  anhydrous  prusaic  acid 
.  ■  may  be  determined  either  by  oxide  of  mercury  oi 
Bitrate  of  silver. 

1.  Trealmeal  with  Oxide  of  J/n-niry.— lOO  Grains 
'  ttf  prusaic  acid  are  dUutod  with  200  grains  of  wat^, 
introduced,  with  a  weighed  portion  of  oiide  of 
.  mercury,  into  a  well-closed  bottle  and  allowed  ta 
'  ffigest,  being  frequently  shaXen,  for  2  days.  If  at 
the  expiration  of  this  time  all  the  oxide  is  dissolved, 
ano^er  weighed  portion  must  be  added,  and  the 
shaking  repeated  2  days  longer.  The  nndis- 
solved  portion  is  now  collected  on  a  weighed 
filler,  well  washed  with  water,  dried  and  weighed ; 
on  deducting  the  weight  of  the  filtci  &om  the  oxide 
of  mercury,  the  quantity  dissolved  ia  learned  ;  this 
divided,  by  4  gives  the  quantity  of  anhydrous 
pmssic  acid  in  lOfl  grainn.  for  instance,  20  grains 
of  oxide  are  employed,  and  6  grains  remain  un- 
dissolyed,  thus  14  4-4  =  31  per  ct.  of  anhydrous  acid. 
The  theory  of  this  prooeeiSng  is  as  fbllows  :— when 
oxide  of  mercury  is  dissolved  in  prussic  acid, 
cyanide  of  mercury  and  water  are  formed. 
1  at.  HgO,  and  1  at.  HCy,  form 
1  at.  HgCy,  and  1  at.  HO. 
1350  Parts  of  oxide  of  meicury  combine  vrith  338 
parta  of  cyanide  of  hydrogen,  or  4  parts  (338  x  4) 
of  the  &T«t  with  1  part  of  the  latter. 

2,   Tetting  tnith  NUrale  of  Silver.— lOO  Grains  of 
prusflic  acid  are  diluted  with  2000  grains  of  water. 


\ 


38  ACIDUM  HTDBOCYANICUM. 

and  a  solution  of  nitrate  of  silver  added  as  long  as 
a  precipitate  ensues.  When  entirely  separated,  the 
white  precipitate  is  collected  on  a  weighed  filter ; 
its  weight  (the  filter  of  course  being  deducted) 
divided  by  5  gives  the  amount  of  anhydrous  prussic 
acid. 

1  at.  AgO  +  NO5,  and  1  at.  HCy,  form 
1  at.  AgCy,  1  at.  HO,  and  1  at.  NO5. 

1675  Parts  of  cyanide  of  silver  correspond  to  338 
parts  of  hydrocyanic  acid,  or  5  parts  (338  x  5)  of 
file  first  to  one  of  the  latter.  The  precipitated 
cyanide  of  silver  divided  by  6  does  not  give  quite 
so  correct  a  result  as  the  dissolved  oxide  of  mer- 
cury divided  by  4,  as  in  the  former  the  quotient 
(1676-^5)  is  336. 

As  impurities,  the  prussic  acid  may  contain — 
stUphuric  acid,  when  from  a  carelessness  in  distilla- 
tion some  has  spirted  over ;  nitrate  of  baryta  then 
gives  a  white  insoluble  precipitate.  From  the  same 
cause  the  distillate,  when  ferrocyanide  of  potassiimi 
is  employed,  contains  prussian  blue  ;  this,  on  stand- 
ing, is  deposited  in  pale  blue  flakes.  In  this  latter 
case  it  must  of  necessity  contain  potash.  Hydro- 
chloric acid  will  occur  from  the  use  of  a  salt  con- 
taining chloride  of  potassium ;  in  order  to  detect 
this  acid  with  certainty,  it  is  better  to  get  rid  of  the 
prussic  acid.  Some  borax  (free  from  chloride)  is 
added  to  the  acid,  and  the  latter  evaporated  to  dry- 
ness by  a  gentle  heat,  the  residue,  dissolved  in 
water,  is  treated  with  excess  of  nitric  acid,  and  a 
few  drops  of  nitrate  of  silver  solution  added ;  a 
white  precipitate,  becoming  violet  in  the  light,  con- 
sists of  chloride  of  silver.  In  this  case  the  hydro- 
chloric acid  decomposes  the  borax  {Vide  Acidum 
Boracicum),  chloride  of  sodiimi  is  formed,  and  the 
prussic  acid  evaporates.  Instead  of  borax  pure 
carbonate  of  lime  may  be  employed,  which  is  not 
decomposed  by  prussic  acid ;  or,  the  acid  is  super- 
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Saturated  with  ammonia  and  carefully  evaporated 
to  dryness  ;  if  there  be  no  residue  the  acid  is  pure ; 
but,  on  the  contrary,  a  saline  mass,  soluble  in 
water,  giving,  on  the  addition  of  nitrate  of  silver, 
chloride  of  sUver,  denotes  the  presence  of  chlorides. 
In  this  case  the  cyanide  of  ammonium,  which  is 
formed  on  saturating  the  acid,  is  so  volatile  as  to 
be  dissipated  with  the  vapour  of  the  water,  which 
does  not  happen  with  chloride  of  ammonium.  It  is 
difficult  to  prevent  the  occasional  formation  of 
formic  acid  in  the  manufacture  of  prussic  acid ; 
this  is,  however,  of  little  consequence ;  in  order  to 
discover  it,  the  distillate  is  treated  with  oxide  of 
mercury,  which  will  be  reduced  by  the  formic 
acid ;  {Vide  Acidum  Foemictjm). 
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Hydrofluoric  Acid, 
Formula  :   HF  +  xHO. 

Preparation.  —  1  Part  of  finely-powdered  fluor 
spar  is  supersaturated  in  a  platinum,  or  leaden 
bottle,  with  3  parts  of  concentrated  sulphuric  acid, 
and  well  mixed  together  with  a  platinum  or  leaden 
rod.  A  tube,  of  the  same  metal,  bent  at  right 
angles,  is  now  affixed  to  the  mouth  of  the  bottle, 
well  luted,  and  the  other  end  tightly  fitted  into  a 
platinimi  or  leaden  receiver.  When  all  the  joints 
have  been  well  luted  and  fastened,  the  vessel  con- 
taining the  substance  is  to  be  gently  warmed,  on 
which  thick  white  vapours  are  formed  and  pass 
over  into  the  (well-cooled)  receiver  as  drops  of 
liquid.  After  warming  from  ^  an  hour  to  1  hour 
(varying,  of  course,  with  the  quantities  taken)  the 
apparatus  is  allowed  to  cool,  the  receiver  removed 
and  closed  with  a  stopper  of  the  same  metal,  or 
with  a  cork  -Rapped  in  lead  foil. 

If  the  acid  be  not  required  in  so  con^entarated  a 
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State,  3  parts  of  water  are  first  put  in  the  receiver ; 
the  mouth  of  the  tube,  however,  must  not  dip  in 
the  water,  or,  on  the  slightest  cooling  of  the  appa- 
ratus, absorption  in  the  evolution-bottle  would 
ensue. 

Recapitulation, — Fluor  spar  is  fluoride  of  calcium 
(CaF),  which  is  decomposed  by  concentrated  sul- 
phuric acid,  in  the  presence  of  water,  hydrofluoric 
acid  being  given  off  and  sulphate  of  lime  formed. 

1  at.  CaF,  and  1  at.  SO3  +  HO,  form 
1  at.  CaO  +  SO3,  and  1  at.  HF. 

686  Parts  of  fluor  spar  require  613  parts  of  hydra- 
ted  sulphuric  acid,  but  in  order  to  assist  its  decom- 
position it  must  be  made  into  a  thin  paste ;  hence 
the  quantity  of  sulphuric  acid  is  more  than  doubled. 
At  the  gentle  heat  which  is  necessary  to  evolve  the 
hydrofluoric  acid  no  sulphuric  acid  can  pass  over. 

Properties. — Concentrated  hydrofluoric  acid  is  a 
colourless,  very  volatile  liquid,  of  a  most  pene- 
trating smell,  and  excessively  corrosive  action  on 
the  animal  economy.  Its  most  excellent  property, 
either  concentrated  or  dilute,  is  the  power  it  pos- 
sesses of  acting  on  glass,  (corroding  it).  The  cor- 
rosion is  caused  by  the  formation  of  fluoride  of 
silicon,  silico  fluoride  of  the  metal,  hydrofluosilicic 
acid  and  water.  In  order  to  imderstand  this  pro- 
cess, treat  a  glass  consisting  of  3  at.  potash  and  6 
silicic  acid,  =  3K0  +  6Si03  with  hydrofluoric  acid. 

6  at.  SiOa,  and  18  at.  HF,  form 
6  at.  SiF3,  and  18  at.  HO ;  further, 
6  at.  SiFg,  and  6  at.  HO,  form 

2  at.  (2SiF3+  3HF),  and  2  at.  SiOg  ;  finally, 

3  at.  KO,  and  1  at.  2SiF3+  3HF,  form 
1  at.  3KF  +  2SiF3,  and  3  at.  HO. 

Thus  the  final  result  of  the  action  is  silico  fluoride 
of  potassium  (3KF  +  2SiF3),  hydrofluosilicic  acid 
(2SiF8+3HF),    silicic    acid    (2Si03),     and    water 
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(15H0),    which,    assembled    in    one    formula,    is 
that— 

3  at.  KO,  6  at.  SiO,,  and  18  at.  HF,  form 
1  at.  3KF  +  2SiF3,  1  at.  2SiF3  +  3HF,  2  at.  SiO„ 
and  15  at.  HO. 

The  ordinary  glass,  besides  silicate  of  potash  or 
soda,  contains  silicate  of  lime,  which  causes  the 
formation  of  silico  fluoride  of  calcium  ;  in  order  to 
render  the  formula  as  simple  as  possible,  I  have 
omitted  the  lime.  The  corroded  glass  has  a  dull 
appearance  after  the  action  of  the  fluoric  acid 
vapours  on  it,  owing  to  the  (difficultly-soluble) 
fluosilicate  of  potash,  and  the  insoluble  free  silicic 
acid  remaining  fixed  on  the  roughened  surfeuse. 
When  liquid  fluoric  acid  is  employed,  these  two 
substances  are  dissolved  and  washed  away,  the 
corroded  glass  appearing  clear  like  the  uncorroded. 
If  the  fluor  spar  emploved  contain  silica,  the  acid 
will  be  contaminated  witn  fluosilicic  acid,  for  when 
the  fluoride  of  silicon  formed  comes  into  contact 
with  water,  the  following  ensues  : — 

9  at.  HF,  and  3  at.  SiOj,  form 
3  at.  SiFg,  and  9  at.  HO  ;  further 
3  at.  SiFg,  and  3H0,  form 
1  at.  2SiF3  +  3HF,  and  1  at.  SiOj. 

In  order  to  detect  the  hydrofluosilicic  acid,  either 
add  a  solution  of  a  baryta  salt,  which,  being 
precipitated  as  fluosilicate  of  baryta,  causes  a 
cloUcUness : — 

1  at.  2SiF3+  3HF,  and  3BaCl,  form 
1  at.  3BaF  +  2SiF3,  and  3  at.  HCl ; 

or,  some  of  the  acid  is  evaporated  to  dryness  in  a 
platinum  crucible,  when  the  fluosilicic  acid  is  de- 
composed, and  silica  remains  behind  : — 

1  at.  2SiF3  +  3HF,  and  6H0,  form 

2  at.  SiOg,  and  9  at.  HF. 

E  2 
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ACIDUM  HYDRIODICUM. 

Hydriodic  Acid, 
Formula:  HI  +  xHO. 

PreparcUion. — A  sufficient  quantity  of  iodine  i« 
rubbed  with  six  times  its  weight  of  pure  water, 
placed  in  a  high  narrow  cylindrical  glass  vessel,  and 
sulphuretted  hydrogen  passed  through  the  mixture 
(which  is  kept  well  stirred  with  a  glass  rod),  imtil 
the  lumps  of  sulphur  which  form,  and  must  fre- 
quently be  taken  out  and  broken  up,  no  longer 
show  any  brown  colour  in  their  interior ;  (free 
iodine).  As  a  source  of  sulphuretted  hydrogen  it 
is  best  to  use  sulphuret  of  iron,  4  parts  of  which 
are  necessary  for  3  parts  of  iodine.  The  decompo- 
sition of  the  sulphuret  of  iron  will  be  described 
under  the  article  **  Acidum  Hydrosulphue."  The 
liquid,  being  milky  from  containing  sulphur,  is  now 
filtered,  heated  to  boiling  some  minutes  in  a  porce- 
lain dish,  to  dissipate  the  excess  of  sulphuretted 
hydrogen,  again  filtered  if  necessary,  and  immedi- 
ately poured  into  a  stoppered  bottle. 

Recapitulation, — When  the  iodine  in  solution 
comes  in  contact  with  the  sulphuretted  hydrogen 
(HS),  the  hydrogen  of  the  latter  combines  with  the 
iodine,  forming  the  readily-soluble  hydriodic  acid, 
whilst  the  sulphur  precipitates  in  pale  yellow 
flocks.  At  first  the  reaction  goes  on  slowly,  as  the 
iodine  is  only  slightly  soluble  in  water ;  so  soon, 
however,  as  some  hydriodic  acid  has  been  formed, 
the  process  quickens,  the  acid  having  a  far  greater 
solvent  power  over  the  iodine,  and  consequently  a 
more  rapid  decomposition  of  the  sulphuretted 
hydrogen  ensues.  1  At.  iodine  requires  1  at.  sul- 
phuretted hydrogen. 

1  at.  I,  and  1  at.  HS,  form 
1  at.  HI  and  S. 
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1  At.  HS  is  formed  from  1  at.  of  sulphuret  of 
iron  (FeS).  For  1686  parts  of  iodine  660  parts  of 
sulphuret  of  iron  will,  according  to  theory,  be 
sufficient ;  experience  teaches  us,  however,  that  at 
least  2000  parts  of  the  latter  are  necessary,  a  large 
portion  of  the  sulphuretted  hydrogen  escaping  un- 
decomposed.  To  lessen  this  considerable  loss  as 
much  as.  possible,  the  formation  of  hydriodic  acid 
may  be  combined  with  some  other  process,  in 
which  sulphuretted  hydrogen  can  be  used, — as,  for 
instance,  the  precipitation  of  some  metals.  For 
this  purpose,  the  glass  in  which  the  iodine  and 
water  are  contained  must  be  connected,  by  means 
of  a  tube,  with  a  Wolfs  bottle,  haying  three  perfora- 
tions ;  one  of  these  serves  to  a£nit  the  tube 
through  which  the  gas  is  passed,  another  as  an  exit 
tube,  and  the  centre  one,  through  which  the 
mixture  may  be  stirred,  must  be  corked  up.  One 
disadvantage  always  accompanies  this  saving,  viz. 
the  difficulty  of  getting  out  or  thoroughly  breaking 
up  the  lumps  of  sulphur. 

Properties, — Hydnodic  acid  is  a  colourless  liquid, 
of  a  sour  taste  and  penetrating  sour  smell,  entirely 
volatile  by  heat.  In  well-closed  and  filled  vessels 
it  is  unchanged;  should  the  vessel  not  be  quite 
full,  or  frequently  opened  so  as  to  admit  the  air, 
the  acid  at  first  becomes  yellow,  and  gradually 
darkens.  The  oxygen  of  the  air  abstracts  the 
hydrogen  from  the  acid  and  forms  water,  the 
liberated  iodine  remaining  dissolved  in  the  hydri- 
odic acid. 

1  at.  HI,  and  1  at.  O,  change  to 
1  at.  HO  and  I, 

which  causes  the  formation  of  the  so-called  hydri- 
odous  acid,  HI  +  I=Hl2.  If  the  sulphuretted 
hydrogen  employed  be  not  previously  washed  the 
acid  may  contain  iron  and  sulphuric  acid.  The  first 
remains  behind    on    evaporation,  and  is  also  de- 
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tected  by  the  black  precipitate  (sulphiiret  of  iron), 
on  supersaturating  the  hydriooic  acid  with,  am- 
monia, and  adding  sulphide  of  ammonium.  The 
sulphuric  acid  is  detected  by  the  white  cloudiness 
caused  on  adding  a  drop  of  solution  of  nitrate  of 
baryta. 
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Acidum  Hydrosidphuricum, — Aqua  HydromlpkwrcUa. 
Sulphuretted  Hydrogen  Water,-^Sulphide  of 
Hydrogen, 

Foemula:  HS  +  xHO. 

Preparation, — 7  Parts  of  dilute  sulphuric  acid 
(1  part  of  concentrated  mixed  with  5  parts  of 
water)  are  put  in  a  flat-bottomed  flask,  which 
would  hold  as  much  again ;  to  this  is  fitted  the 
shortest  stem  of  a  double-limbed  glass  tube,  by 
means  of  a  good  cork,  the  longer  stem  being  also 
passed  through  a  cork  to  the  bottom  of  a  Wolfs 
bottle  containing  a  few  ounces  of  water.  The 
other  neck  of  the  Wolfs  bottle  is  connected  with  the 
shorter  end  of  a  similar  tube,  the  longer  limb  of 
which  is  passed  to  the  bottom  of  a  bottle  containing 
32  parts  of  distilled  water.  The  accompanying  wood- 
cut will  render  this  explanation  more  clear,-^ 


(a)  is  the  gas-eyolving  bottle,  (b)  the  wash  bottle, 
(c)  the  bottle  filled  with  distilled  water.     When 
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everything  is  arranged,  the  cork  of  the  bottle  (a)  is 
raised,  1  part  of  snlphuret  of  iron  added  to  the  acid, 
and  the  bottle  again  qnickly  closed ;  the  evolution  of 
the  gas,  which  soon  commences  in  the  cold,  is  has- 
tened by  a  gentle  heat,  for  which  a  sand  bath  is  most 
convenient.  The  mouth  of  the  bottle  (c)  is  kept 
lightly  closed  during  the  operation  by  means  of  a 
strip  of  bladder.  As  soon  as  no  more  gas  bubbles 
are  evolved,  the  corks  (d)  and  (e)  are  removed,  and 
the  contents  of  the  bottle  (c)  immediately  poured 
into  4  and  8  ounce  bottles  (previously  fitted  with 
corks) ;  the  full  bottles  are  corked  and  sealed  over, 
then  placed  in  an  inverted  position  in  a  dark  cool 
place. 

Instead  of  pure  dilute  sulphuric  acid,  the  residue 
of  the  ether  manufacture,  reduced  to  a  spec.  grav. 
1*125  with  water,  may  be  used. 

Recapitulation, — Sulphuret  of  iron  consists  of  1  at. 
iron  and  1  sulphur =FeS.  Brought  in  contact  with 
dilute  sulphuric  acid,  water  is  decomposed,  the 
oxygen  converts  the  iron  into  protoxide,  which 
combines  with  the  sulphuric  acid  ;  the  hy(b:ogen  of 
the  water,  with  the  liberated  sulphur,  forming  a 
gas,  (sulphuretted  hydrogen,)  which  is  evolved. 
1  At.  sulphuret  of  iron  requires  1  at.  sulphuric  acid, 
and  1  at.  of  water : — 

1  at.  FeS  and  1  at  SO3  +  HO,  form 
1  at.  FeO  +  SO3  and  1  at.  HS. 

(The  excess  of  water  in  the  dilute  acid  is  of  use  in 
promoting  the  action,  by  keeping  in  solution  the 
salt  which  forms.) 

For  550  sulphuret  of  iron  613  parts  of  mono- 
hydrated  sulphuric  acid,  or  3678  parts  of  dilute 
acid,  are  sufficient ;  in  the  proportions  given,  that  the 
acid  is  in  a  very  slight  excess,  is  of  no  disadvantage. 
The  bottle  (6)  is  necessary  to  free  the  gas  from  any 
iron  or  stdphuric  acid,  that  may  be  carried  over  in 
a  mechanical  state,  by  passing  it  through  water. 
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It  remains  to  be  shown  whether  the  32  parts  of 
water  are  entirely  saturated  by  the  gas  evolved  firom 
1  at.  of  sulphur et  of  iron.  1  Part  sulphuret  of  iron 
yields  by  weight  0*38  parts  of  gas  of  a  spec.  grav.  1*19 
(air = spec.  grav.  1*0,)  or  which  is  650  times  lighter 
than  water.  1  Vol.  of  water  absorbs,  at  an  ordinary 
temperature,  3  vol.  of  gas,  or  32  vol.  of  water,  absorb 
96  vol.  of  gas.  These  96  vol.  of  gas  weigh  0*147 
parts,  so— 650  :  1  :  :  96  :  X  =  0-147. 

Out  of  the  0*38  parts  of  gas  formed  from  1  part 
of  sulphuret  of  iron,  0*233  parts  (or  152  vol.)  are 
lost ;  this,  however,  cannot  be  avoided,  as  experi- 
ence shows  that  in  every  bubble  a  part  only  be- 
comes absorbed. 

A  small  quantity  of  sulphuretted  hydrogen  is  lost 
also  in  another  way  :  during  the  process  the  surface 
of  the  liquid  in  the  evolution  bottle  is  covered,  in 
patches,  with  a  small  coating  of  sulphur,  which 
arises  from  the  action  of  a  portion  of  the  hot  im- 
combined  sulphuric  acid,  in  the  form  of  vapour,  on 
the  sulphuretted  hydrogen : — 

HS  and  SO3,  form 
S,  SO2  and  HO. 

The  sidphurous  acid  thus  formed,  is  however 
immediately  decomposed  with  another  portion  of 
sulphuretted  hydrogen  into  sulphur  and  water : — 

SO2  and  2HS,  form 
3  at.  S  and  2  at.  HO, 

occasioning  a  fresh  precipitation  of  sidphur. 

The  residue  in  the  flask  {a)  is  taken  out,  and,  if 
in  any  quantity,  may  be  used  for  sulphate  of  iron, 
oxide  of  iron,  and  so  on. 

Properties. — Sulphuretted  hydrogen  water  is  co- 
lourless, with  a  disagreeable  odour  of  rotten  eggs, 
and  of  a  slightly  acid  reaction.  In  bottles  not  quite 
full,  or  imperfectly  corked,  it  becomes  milky,  a  white 
powder  is  thrown  down,  and  this  can  go  oh.  until 
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the  water  contains  no  scent  of  the  gas.  The  oxygen 
of  the  air,  in  this  case,  abstracts  the  hydrogen,  form- 
ing water,  and  the  sulphur  is  precipitated : — 

1  at.  HS  and  1  at  O,  form 
1  at.  HO  and  8. 

This  sulphur  always  contains  a  little  sulphuretted 
hydrogCQ,  chemically  combined,  consequently  it 
does  not  possess  the  yellow  colour  of  ordinary  sul- 
phur, but  resembles,  in  this  respect,  milk  of  sulphur. 
If  the  washing  of  the  gas  is  omitted  it  may  contain 
sulphuric  acid,  and  then  causes  a  turbidness  with 
chloride  of  barium. 

Remarks, ^^Jn.  order  to  preserve  the  gas,  in  a 
bottle  that  has  been  opened,  as  long  as  possible,  it 
should,  after  being  well  corked,  be  inverted  in  a 
vessel  of  cold  water  entirely  to  cover  the  neck. 
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Lactic  Acid, 

Formula  :  CgHgOs  +  HO  +  L  +  HO. 

PreparcUion, — 100  Parts  of  sour  whey  (if  this  is 
not  to  be  obtained,  take  skim-milk,  and  expose  it  at 
a  medium  temperature  (from  60** — 70® Fall.)  in  open 
glass  vessels,  until  entirely  coagulated,  then  strain,) 
are  placed  in  a  basin  capable  of  holding  ^  more,  ana 
5  parts  of  powdered  sugar  of  milk  dissolved  in  it ; 
12  parts  of  crystallized  carbonate  of  soda,  rubbed 
very  fine,  are  put  in  a  well-closed  bottle;  then, 
with  small  portions  of  it  at  a  time,  neutralize  the 
free  acid  of  the  milk.  The  basin  is  then  placed 
where  the  temperature  is  never  below  69°  Fah.,  or 
exceeds  77**  Fah.,  and  every  one  or  two  days  the 
free  acid  is  saturated  with  the  soda ;  this  is  to 
be  repeated  until  the  liquid,  after  standing  four  or 
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five  days,  gives  no  longer  an  acid  reaction.  This 
point  will  be  reached  when  1 1  parts  of  soda  have 
been  used.  If  during  its  exposure  (probably  14  to 
21  days)  so  much  evaporation  has  taken  place,  that 
only  40  or  50  parts  of  whey  remain,  the  glass  will, 
in  all  probability,  when  cold,  and  after  standing 
some  days,  contain  a  quantity  of  lactate  of  soda  in 
good-sized  transparent  oblique  rectangular  prisms. 
The  turbid  fluid  is  now  faintly  acidified  with  a 
few  drops  of  dilute  sulphuric  acid,  the  white  of  an 
egg  added,  and  the  whole  boiled,  strained  through 
Imen  and  evaporated — ^first  on  the  sand  bath,  but 
afterwards  on  a  water  bath — ^with  constant  stirring 
until  it  attain  the  consistence  of  a  soft  extract,  then 
digested  with  alcohol  of  90  per  ct.  To  the  alco- 
holic mixture,  not  separated  from  the  undissolved 
portion,  is  added  concentrated  sulphuric  acid, 
equalling  i  by  weight  of  the  carbonate  of  soda 
employed.  After  well  shaking,  and  then  resting 
several  hours,  it  is  thrown  on  a  linen  strainer,  the 
residue  washed  several  times  with  alcohol,  and  the 
clear  liquid  mixed  and  filtered.  In  order  to  obtain 
the  spirit  from  this  still  impure  solution  of  lactic 
acid,  about  20  parts  of  water  are  added  and  placed 
in  a  retort,  with  carbonate  of  lime  ^  in  weight 
of  the  carbonate  of  soda  employed,  then  distilled 
until  about  20  parts  of  fluid  remain.  The  aqueous 
residual  solution  of  lactate  of  lime  is  poured  into  a 
porcelain  dish  and  gently  warmed  as  long  as  it 
smells  of  alcohol,  filtered  whilst  hot,  and  allowed  to 
stand  some  days  in  a  cool  place. 

The  warty  groups  of  crystals  which  separate  after 
a  time  are  removed  from  the  mother  liquor,  the 
latter  evaporated,  and  again  allowed  to  crystallize ; 
this  is  repeated  so  long  as  any  salt  separates.  The 
mother  liquor,  after  the  second  crystallization,  is 
generally  very  dark  coloured,  and  must,  previous  to 
evaporation,  be  treated  with  freshly-heated  wood 
charcoal.    The  whole  of  the  salt  will  equal,  when 
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dried  at  a  gentle  temperature,  rather  more  than  6 
parts  the  weight  of  sugar  of  milk  employed. 
Should  it  not  be  quite  white,  the  crjrstallijEation 
mupt  be  repeated.  In  order  to  obtain  the  pure  < 
lactic  acid,  precipitate  the  watery  solution  with 
oxalic  acid,  taking  the  precaution  to  add  no  excess, 
(5  parts  of  crystallized  lactate  of  lime  require  2*06 
parts  of  crystallized  oxalic  acid,)  filter  from  oxalate 
of  lime,  and  evaporate  the  solution  in  a  water  bath 
until  no  further  loss  of  weight  occurs.  An  air- 
pump  is  preferable  to  remove  the  last  trace  of  water, 
as  when  heated  in  the  air  for  some  time,  the  concen- 
trated acid  acquires  a  yellow  tint.  In  order  to  ab- 
stract the  water,  a  dish  of  anhydrous  chloride  of 
calcium  is  placed  on  the  plate  of  the  air-pump,  near 
the  lactic  acid,  and  renewed  as  often  as  it  becomes 
liquid.  100  Parts  of  whey  yield,  when  treated  as 
above,  about  3  parts  of  concentrated  lactic  acid. 

The  process  will  certainly  be  simplified  if  the 
lactic  acid  is  saturated  with  carbonate  of  lime,  4 
parts  to  5  of  milk  sugar,  instead  of  with  soda,  and 
then  at  once  treated  with  sulphuric  acid ;  still  it 
appears  to  me  that  nothing  is  gained  thereby,  as  the 
acid  acts  on  and  is  saturated  with  it  but  slowly ; 
this  might  be  obviated  by  raising  the  temperature, 
but  then  a  great  quantity  of  the  lactic  will  be  con- 
verted into  butyric  acid.  The  acid  is,  of  course, 
more  readily  saturated  by  caustic  lime  th.an  by  car- 
bonate, but  a  sufficient  quantity  for  its  entire  neu- 
tralization must  not  be  used,  as  the  action  of  the 
lime  on  the  caseine  causes  such  a  filthy  odour,  re- 
sembling rotten  flesh,  that  even  after  the  acid  has 
again  been  separated,  will  be  somewhat  insupport- 
able. 

Iteeapitulation, — Cow's  milk  consists  of  an  aque- 
ous solution  of  milk-sugar,  and  caseine,  in  which  a 
certain  quantity  of  fat  (butter),  in  shape  resembling 
little  globiiles,  owing  to  a  quantity  of  hardened  in- 
soluble caseine  which  surrounds  each  globule  and 
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causes  it  to  be  suspended,  forming  an  emulsion.  Be- 
sides this,  the  milk  contains  potash,  soda,  ammonia, 
lime,  magnesia,  and  iron,  combined  with  hydrochlo- 
-  ric,  phosphoric,  sulphuric,  and  lactic  acids  ;  all  these 
salts,  however,  wiUi  an  extractive  matter,  do  not 
amount  to  1  per  ct.,  and,  together  with  the  butter, 
need  not,  in  the  manufacture  of  lactic  acid,  be  taken 
any  notice  of.  The  butter  averages  about  3,  the 
caseine  4,  and  the  sugar  of  milk  4{  per  ct.  ;  yet,  of 
course,  these  proportions  are  very  variable.  In 
general  the  milk  has  an  alkaline  reaction;  some- 
times however,  even  when  quite  fresh,  it  reacts 
acid.  Taken  literally,  the  alkalinity  does  not  arise 
from  a  free  alkali,  but  from  a  combination  of  caseine 
with  it,  in  which  the  base  has  not  quite  lost  its 
reaction.  The  free  acid  is  lactic  acid.  Exposed  to 
the  air,  at  the  ordinary  temperature,  milk,  even 
when  previously  alkaline,  acquires  an  acid  reaction 
after  a  day  or  two  ;  this  is  facilitated  by  gently 
warming  (whilst  boiling  prevents  it),  consequently 
it  occurs  sooner  in  summer  than  winter.  On  be- 
coming sour,  the  milk  acquires  a  thickening  pro- 
perty. It  coagulates.  BoUi  appearances  are  inti- 
mately connected.  The  caseine,  which  consists  of 
carbon,  hydrogen,  oxygen,  nitrogen,  and  sulphur, 
has  a  great  inclination  to  decompose,  and,  by  so 
doing,  it  similarly  disposes  the  milk  sugar  C^jH^qOk, 
to  decomposition,  whereby  the  latter  is  gradually 
transformed  into  2  at.  lactic  acid : — 

1  at.  CigHjoOjo,  forms 

2  at.  CgHsOg. 

The  acid  that  is  formed  unites  with  the  alkali  that 
is  in  combination  vdth  the  caseine,  in  consequence 
of  which  the  latter  is  liberated,  and,  being  in  a  very 
finely-divided  state,  and  scarcely  soluble  in  water, 
the  whole  of  the  milk  is  transformed  into  a  thick 
mass.  TAe  coagulation  of  the  milk  then  rests  on  the 
previous  formation  of  free  acid,  which,  taking  upihs 
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solvent  of  the  codeine  {the  €iUuUi)  causes  its  precipita' 
tion.  At  the  same  time,  whilst  the  milk  remains 
quiet,  the  butter  globules  rise  to  the  surface,  owing 
to  their  light  specific  weight,  and  form  the  cream. 
When  the  coagulated  milk  is  brought  on  a  strainer, 
the  caseine  and  cream  separate  &om  a  tolerably 
clear,  slightly  yellow-coloured  liquid,  the  whey ; 
this,  besides  the  salts,  contains  the  undecomposed 
milk  sugar,  a  portion  of  dissolved  caseine,  and  a 
small  quantity  of  fat  in  suspension.  Left  to  itself, 
the  milk  sugar  is  not  converted  into  lactic  acid,  but, 
owing  to  the  action  of  the  dissolved  caseine,  as  pre- 
viously explained,  a  vinous  fermentation  is  set  up, 
and,  with  the  assistance  of  2  at.  of  water,  carbonic 
acid  and  alcohol  are  formed : — 

1  at.  CjoHiqOio  and  2.  at.  HO,  form 
4  at.  COjj  and  2  at.  CiHgOg. 

On  account  of  its  dilution,  and  the  presence  of  a 
quantity  of  nitrogenized  organic  matter  in  a  state  of 
decomposition,  the  greater  part  of  the  spirit,  ab- 
stracting oxygen  from  the  air,  passes  over  into 
acetic  acid  and  water : — 

1  at  C^HgOj  and  4  at.  O,  form 
1  at.  C4H3O3  and  3  at.  HO. 

That  all  the  milk  sugar,  or  even  the  first  portion, 
(which  forms  lactic  acid,)  does  not  imdergo  the 
alcoholic  fermentation,  is  accoimted  for  by  the  ne- 
cessary, but,  at  this  time,  not  thoroughly  explicable 
circimistance,  that,  besides  other  favourable  rela- 
tions, the  vinous  fermentation  only  ensues  in  the 
presence  of  a  free  acid.  So,  if  we  neutralize  the 
lactic  acid  first  formed,  with  a  base  (carbonate  of 
soda),  before  the  commencement  of  the  vinous  fer- 
mentation, a  fresh  quantity  of  acid  must  be  pro- 
duced, and  this  saturation  being  repeated  as  often  as 
necessary  (every  day  or  two)  the  vinous  fermenta- 
tion, (the  conversion  of  sugar  of  milk  into  carbonic 
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acid  and  alcohol,)  though  not  entirely,  is  yet,  to  a 
great  extent,  prevented ;  a  large  portion  of  the  sugar 
of  milk  forming  lactic  acid,  and  this  lactate  of  soda. 
From  the  circumstance  that  the  whey  contains  more 
than  sufficient  caseine  dissolved  in  it  to  decompose 
all  its  milk  sugar,  arises  the  necessity  for  the  addi- 
tion of  a  fresh  quantity  of  sugar  of  mOk.  The 
cream  (the  fat)  and  caseine  of  the  coagulated  milk 
are  separated  previous  to  its  saturation  with  car* 
bonate  of  soda,  as  they  would  only  hinder  the  sub- 
sequent purification  of  the  salt. 

The  liquid,  saturated  with  soda,  appears  turbid 
on  its  gradual  evaporation  from  tiie  separation  of 
finely-divided  caseine.  In  order  to  separate  the 
latter  more  readily,  the  fluid  is  boiled  with  white 
of  egg,  after  being  slightly  acidified  because  in  an 
alkalme  solution  the  white  of  egg  is  not  coagulable, 
or  only  partially.  The  thin  clarified  solution  of 
salts  is  then  freed  from  most  of  its  water  by  eva- 
poration, and  treated  with  alcohol,  which  takes  up 
the  lactate  of  soda,  with  a  small  quantity  of  ex- 
tractive matter,  and  the  last  (dissolved)  portion  o- 
caseine  remains  behind.  From  the  alcoholic  solu- 
tion the  soda  is  precipitated  by  sulphuric  acid,  of 
which  i  the  weight  of  the  soda  employed  is  neces- 
sary ;  the  combining  proportion  of  carbonate  of 
soda  is  about  3  times  that  of  concentrated  sulphuric 
acid.  The  free  lactic  acid  in  the  spirit  must  be 
combined  with  lime  in  order  to  punfy  it,  and  of 
this  J  of  the  weight  of  soda  employed  is  necessary, 
because  the  equivalent  of  the  carbonate  of  lime  is 
about  ^  that  of  the  crystallized  carbonate  of  soda. 
After  adding  water,  the  spirit  is  recovered  by  dis- 
tillation. When  this  has  passed  over  (not  before), 
the  acid  is  saturated  with  lime  in  the  retort.  By 
crystallization  the  lactate  of  lime  is  obtained  in 
white  small  warty  limips,  which,  magnified,  ap- 
pear as  thick  tufts  of  fine  needles  ;  it  has  a  slightly 
bitter  and  scarcely  saline  taste.      It  consists    of 
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CaO  +  CgHjOj  +  6HO  ;  its  equivalent  is  191 2.  An 
equivalent  of  oxalic  acid  entirely  precipitates  the 
lime  &om  its  aqueous  solution,  the  free  lactic  acid 
not  containing  a  trace  of  it  dissolved.  The  crystal* 
lized  oxalic  acid  (C.fl^  +  HO  +  2  Aq.)  has  the  equiva- 
lent 788,  consequently  5  parts  of  lactate  of  lime 
require  2*06  parts  of  oxalic  acid  entirely  to  decom- 
pose it.  Of  course  the  last  portion  of  oxalic  acid 
must  be  very  carefully  added  in  order  to  avoid  an 
excess,  which  would  render  the  lactic  acid  impure. 

If  we  regard  the  quantity  of  milk  sugar  contained 
in  100  parts  of  milk  as  4,  these,  with  the  5  added 
to  the  whey,  should,  if  no  other  substances  were 
formed,  produce  9  parts  of  lactic  acid.  But  it  has 
been  previously  shown  that  it  is  impossible  to  pre- 
vent a  certain  portion  undergoing  the  vinous  fer- 
mentation, splitting  up  into  carbonic  acid  and  alcohol, 
as,  with  the  formation  of  a  small  quantity  of  acid, 
aU  the  elements  are  present.  Possibly,  or  rather,  pro- 
bably, a  portion  of  milk  of  sugar  is  converted  into 
other  substances,  which  further  investigations  are 
necessary  to  decide.  The  quantity  of  carbonate  of 
soda  necessary  to  saturate  it  (1 1  parts),  proves  that 
6  parts  of  acid  are  formed,  consequently  only  6 
parts  of  sugar  of  milk  are  transformed  into  this 
acid.  6  Atoms  of  anhydrous  lactic  acid,  =1021, 
should  moreover  yield  12  parts  of  crystalHzed  lac- 
tate of  lime ;  we  obtain,  however,  owing  to  una- 
voidaWe  losses  in  straining,  exhausting,  recrystal- 
lizing,  &c.,  scarcely  the  half. 

It  has  also  been  shown  that  in  the  transformation 
of  sugar  of  milk  into  lactic  acid,  too  high  a  tempe- 
rature must  be  avoided.  For  instance,  should  the 
temperature  reach  86°  Fah.,  or  exceed  it,  a  consi- 
derable portion  of  the  ready-formed  lactic  acid  is 
lost,  forming,  with  the  addition  of  the  elements  of 
water,  btUyric  acid  (CgH^Og),  carbonic  add,  and 
hy^ogen : — 

f2 
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2  at.  CgHjOj  and  1  at.  HO  form 

1  at.  CyH^Og,  4  at.  COg,  and  4  at.  H. 

The  butyric  acid  will  also  be  saturated  by  the 
alkali,  and  render  the  lactate  of  lime  impure ;  the 
former  acid  is  easily  detected  by  treating  the  lime 
salts  with  excess  of  dilute  sulphuric  acid,  when  the 
well-known  odour  of  rancid  butter,  characteristic  of 
butyric  acid,  is  evolved,  especially  on  warming. 

The  mother  liquor  of  the  lactate  of  lime,  when  it 
no  longer  yields  crystals,  is  not  thrown  away,  but 
diluted  with  water,  the  lime  precipitated  with  car- 
bonate of  soda,  the  lactate  of  soda  solution  filtered 
from  carbonate  of  lime,  evaporated  carefully  to  dry- 
ness, and  then  set  aside  for  making  lactate  of  iron ; 
(See  that  Article.)  It  is,  however,  necessary  to 
notice  exactly  the  quantity  of  carbonate  of  soda 
used  in  precipitating  the  lime,  as  on  this  depends 
the  quantity  of  sulphate  of  iron  requisite  to  decom- 
pose the  lactate  of  soda  in  the  dry  mass. 

Properties, — Pure  lactic  acid  is  a  colourless  syrupy 
liquid,  of  a  strong  acid  taste,  but  odourless.  Its 
spec,  grav.,  in  this  concentrated  condition,  is  1*215, 
and  contains  9*9  per  ct.,  or  1  at,  of  water.  It  forms 
a  clear  solution  with  water  and  spirit  in  all  propor- 
tions ;  ether  dissolves  but  little.  Strongly  heated  it 
becomes  brown,  and  evolves  penetrating  acid  fumes, 
which  form  a  white  sublimate,  having  the  composi- 
tion C^'Bifi^f  called  metalactic  acid.  If  adulterated 
with  butyric  or  €u:etic  acids,  these  may  readily  be 
detected  in  the  cold,  or  by  gently  warming. 


▲OIPUM  MBCOMIOUM.  o5 

ACmUM  MECONICUM. 
Mecanic  Acid, — Opianic  Acid, 

Fobmula:  C^HjjO^  +  SHO^Me+aHO. 

Preparation. — Opium  is  finely  sliced,  and  digested 
for  24  hours  with  four  times  its  weight  of  distilled 
water,  at  a  gentle  heat,  expressed  and  then  treated 
twice  with  the  same  quantity  of  water.  The  ex- 
pressed liquids  are  allowed  to  subside,  then 
strained,  and  caustic  ammonia  added  so  long  as  a 
precipitate  is  formed ;  this  is  collected  on  a  filter, 
the  yellowish  filtrate  carefully  evaporated  to  a 
syrupy  consistence  in  a  porcelain  dish,  mixed  with 
a  concentrated  solution  of  chloride  of  calcium, 
equalling  in  quantity  -^  of  the  opium  employed, 
boiled  with  it,  and  set  aside  to  cool.  After  standing 
some  days,  the  partially-solidified  mass  is  washed 
with  cold  water,  the  residual  meconate  of  lime 
pressed,  dried,  and  weighed.  1  Fart  of  this  is 
rubbed  with  10  parts  of  water,  previously  heated  to 
140^  Fah.,  but  not  higher,  and  hydrochloric  acid, 
spec.  gray.  1*130,  added  until  the  meconate  of  lime 
has  djssolved  (a  little  sulphate  may  have  formed 
and  render  the  solution  turbid),  then  filter.  On 
cooling,  acid  meconate  of  lime  crystallizes ;  this  is 
collected,  dissolved  in  warm  water,  and  decomposed 
with  half  as  much  hydrochloric  acid  as  the  mecon- 
ate of  lime  weighed.  After  standing  for  half  an 
hour,  at  a  temperature  of  140^  Fah.,  it  is  allowed 
to  cool,  and  the  meconic  acid  crystallizes  out. 
When,  on  gently  evaporating  the  mother  liquor, 
&c.,  all  the  acid  is  obtained,  it  is  again  dissolved  in 
warm  water,  which  separates  still  more  sulphate, 
filtered,  and  set  aside  to  crystallize.  The  yield  is 
trifling ;  I  obtained  ^  of  the  weight  of  opium  em- 
ployed. 

Recapitulation, — Meconic  acid  exists  in  opium  in 
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combination  with  morphine;  in  order,  when  pre- 
paring the  acid,  to  save  the  latter,  it  is  precipitated 
from  the  aqueous  solution  of  opium  by  ammonia, 
(meconate  of  ammonia  is  formed) ;  the  process  for 
obtaining  the  morphine  will  be  hereafter  detailed. 
When  the  filtered  solution  of  meconate  of  am- 
monia, after  its  concentration,  is  mixed  with  chlo- 
ride of  calcium,  chloride  of  ammonium  and  me- 
conate of  lime  are  formed ;  the  latter  crystalliies 
out,  being  difficultly  soluble.  The  addition  of 
hydrochloric  acid  gives  rise  to  the  formation  of  the 
slightly-soluble  acid  meconate  of  lime,  and  readily- 
soluble  chloride  of  calcium.  The  precipitated  sul- 
phate of  lime  does  not  exist  in  the  opium,  but 
arises  from  the  combination  of  the  sulphuric  acid 
(which,  with  meconic  acid,  is  present  in  opium,  in 
combination  with  the  alksdoids,)  with  the  lime  salt 
added  to  the  extract.  On  the  second  treatment 
with  hydrochloric  acid,  the  acid  meconate  of  lime 
is  decomposed  into  chloride  of  calcium  and  free 
meconic  acid.  It  is  necessary  to  guard  against  the 
liquid  acquiring  the  temperature  of  boiling  water, 
as  then  both  the  meconic  acid  and  the  acid  mecon- 
ate of  lime  are  transformed,  with  the  evolutian  of 
carbonic  acid,  into  a  new  acid,  comenic  acid, 
■sCigH^OiQ. 

2  at.  C7H2O7,  form 

1  at.  C12H4O10,  and  2  at.  CO,. 

Moreover,  in  order  to  obtain  colourless  acid,  it  is 
necessary  to  use  pure  distilled  water,  as  the  com- 
mon generally  contains  iron,  when  red  meconate  of 
iron  is  formed,  imparting  a  reddish  or  brownish 
tint  to  the  acid.  For  the  like  reason  the  filtering 
paper  used  must  first  be  washed  with  dilute  acid, 
in  order  to  dissolve  out  any  trace  of  iron. 

Properties. — ^Pure  meconic  acid  forms  colourless, 
glistening  plates,  which  have  generally,  however,  a 
red  or  brownish  tint,  from  containing  a  trace  of 
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iron.  It  is  odourless,  has  a  sour  cooling  taste, 
afterwards  bitter,  loses  its  water  when  warmed, 
then  melts,  and,  further  heated,  evaporates,  form- 
ing carbonic  acid,   water,  and  pyromeconic   acid, 

2  at.  C7H0O7,  form 

1  at.  C10H3O6,  4  at.  CO2,  and  1  at.  HO. 

Meconic  acid  is  tolerably  soluble  in  water  and 
spirit.  Its  chief  characteristic  is  the  formation  of 
a  blood-red  solution  on  the  addition  to  a  persalt  of 
iron ;  yet  even  this  is  shared  with  some  other 
organic  acids,  for  instance,  acetic  acid. 


ACIDUM    MURIATICUM. 

Acukim  Hydrochloricum, — Spiritus  Salts, — HydrO' 
chloric  Acid, — Spirit  of  Salts. 

Formula  :  HCl  +  xHO. 

Preparation. — In  a  tubulated  retort,  capable  of 
holding  twice  the  quantity  of  material  employed, 
8^  ounces  of  coarsely-powdered  common  salt  are 
inserted  (taking  care  Uiat  none  of  it  lodges  in  the 
neck),  the  retort  is  placed  in  a  sand  bath,  and  con* 
nected  with  a  tubulated  receiver  by  means  of  a  thin 
strip  of  warmed  caoutchouc,  and  in  the  other  open- 
ing of  the  receiver  is  fixed,  by  a  cork,  a  "Welter's 
tube,  bent  twice  at  right  angles  and  closed  with 
quicksilver,  the  other  limb  of  which  is  conducted 
into  a  bottle  containing  8^  parts  of  distilled  water ; 
the  tube  scarcely  requires  to  dip  a  line  under  the 
water.  This  bottle  must  be  large  enough  to  hold 
two  or  three  parts  more  of  water,  and  is  either  open 
or  only  loosely  closed  during  the  process.  In  order 
to  render  the  Welter's  tube  less  liable  to  fracture, 
it  is  cut  in  two,  and  the  pieces  connected  by  means 
either  of  a  strip  or  tube  of  caoutchouc.   The  above- 
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mentioned    apparatus    is    best   explained   by  the 
following  wood-cut : — 


Through  the  tubulus  of  the  retort  is  poured  a  pre- 
viously-cooled mixture  of  14  parts  of  concentrated 
sulphuric  acid  and  3^  parts  of  water  (the  mixture 
may  be  made  quickly  and  without  danger  in  a  cast- 
iron  or  leaden  vessel),  the  opening  closed  with  a 
well-fitted  stopper,  and  heat  applied  by  means  of 
the  sand  bath ;  on  this  the  evolution  of  gas  will 
directly  commence.  During  the  distillation,  which 
proceeds  quietly  and  without  danger,  the  bottle  (e) 
must  be  cooled.  When  no  more  gas  bubbles  are 
evolved,  the  fire  is  removed.  The  bottle  then  con- 
tauis  14  parts  of  pure  colourless  acid,  spec.  grav. 
ri45,  and  the  flask  (b)  from  2 — 2|^  parts  of  acid, 
spec.  grav.  1*2 ;  the  latter  is  certainly  yellowish, 
but  not  otherwise  impure.  Both  may  be  diluted 
with  the  requisite  quantity  of  water. 

Recapitulation, — Common  salt,  when  pure,  con- 
sists of  1  at.  sodium  and  1  at.  chlorine,  =NaCI ; 
the  commercial,  besides  this,  almost  always  con- 
tains traces  of  oxide  of  iron,  sulphuric  acid,  lime, 
and  magnesia,  which  will  not  interfere  with  the 
process.  The  chlorides  of  calciimi,  magnesia  and 
iron  are,  however,  excessively  hygroscopic,  con- 
sequently common  salt   is    always   rather  moist. 
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This  moisture,  which  averages  about  jj,  it  is  un- 
necessary to  remove,  as  the  acid  penetrates  the  salt 
much  more  readily  when  in  a  hidf-moist  condition. 
If  the  crystals  are  very  large,  they  may  be  pounded 
moderately  fine.  By  the  action  of  sulphuric  acid 
on  the  chloride  of  sodium  water  is  decomposed,  the 
hydrogen  combines  with  the  chlorine,  forming  hy- 
drochloric acid,  the  oxygen  with  the  sodium  forms 
soda,  which  combines  with  the  sulphuric  acid  as 
bisulphate  of  soda. 

1  at.  NaCl,  and  2  at.  SO3  +  HO,  form 
1  at.  (NaO  +  S03)  +  (S03  +  HO),  1  at.  HQ, 
and  1  at.  HO. 

733  Parts  of  chloride  of  sodium  reqture  1226  parts 
of  hydrated  sulphuric  acid,  which  agrees  with  the 
above  relations  (8^  and  14).    The  addition  of  the 
water  serves  to  prevent  too    powerful  an  action 
taking    place.       Theoretically  speaking,    1   at.   of 
chloride  of  sodium  requires  only  1  at.  of  sulphuric 
acid  to  decompose  it ;    in  practice,  however,  it  is 
quite  otherwise ;  and  we  find,  under  these  circimi- 
stances,  at  least  half  the  salt  unacted  on,  from  the 
soda  forming  a  bisulphate.     Now,  under  two  con- 
ditions,— wMch,  however,  are  more  important  in  a 
scientific  than  a  practical  point  of  view, — 1  at.  of 
sulphuric  acid  will  suffice  to  decompose  1  at.  of 
chloride  of  sodium : — 1st,   When   the    residue  is 
finally  heated   to  redness ;    or,    2ndly,    when  the 
chloride  of  sodium  is  entirely  dissolved  in  water ; 
under  both  circumstances  the  residue    is  neutral 
sulphate  of  soda.     The  distilled  hydrochloric  acid 
in  tiie  fi.ask  (6)  and  the  bottle  (c)  contains  all  the 
chlorine  of  the  salt,  when  the  operation  is  well 
performed  and  the  apparatus  tightly  luted.  8^  Parts 
of  chloride  of  sodium  yield  5*13  chlorine  and  5*28 
hydrochloric  acid.    14  Parts  of  hydrochloric  acid,  of 
1*145  spec,  grav.,  contain  4*00  parts  of  chlorine,  and 
4*11  of  anhydrous  hydrochloric  acid;    2  parts   of 
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hydrochloric  acid,  spec.  grav.  1*20,  contain  0*84 
chlorine  and  0*86  hydrochloric  acid ;  together,  4*84 
chlorine  and  4*97  hydrochloric  acid.  The  loss  of 
0*29  chlorine,  or  0*31  hydrochloric  acid,  is  chiefly 
accounted  for  by  the  impurity  and  moisture  of  the 
salt  employed. 

The  object  of  the  Welter's  tube,  instead  of  the 
common  one,  to  conduct  the  gases,  is  to  prevent  the 
absorption  of  the  acid  from  the  bottle  (c)  into  the 
receiver  (5)  ;  for  as  soon  as  the  apparatus  cools,  a 
vacuum  being  formed  in  the  retort  and  receiver, 
the  external  atmospheric  pressure  is  immediately 
exerted  on  the  liquid  in  the  open  bottle  (c),  and, 
were  the  counter  pressure  wanting,  so  would  the 
acid  from  (c)  be  dnven  up  the  tube  to  (b) ;  to  guard 
against  this,  a  tube  (cQ,  bent  upwards,  furnished 
below  with  a    bulb,   communicates  with,   and  is 
fused  into,  the  lower  part  of  the  horizontal  tube 
(e).    Above,  through  the  funnel  (/),  some  mercury 
is  poured,  sufficient  to  fill  the  bend  from  (^)  to  (A), 
consequently  during  the  distillation  no  gas  can  escape 
through  the  tube  (d).     So  soon  as  the  operation  is 
finished,   and  the  vacuum   in    the  retort  and  re- 
ceiver begins  to  form,  the  acid  in  the  bottle  (c)  is 
drawn  up  into  the  limb  (i),  at  the  same  time  the 
atmosphere,  pressing  on  the  mercury  in  the  tube 
(d)f  drives  it  into  the  bulb,  and,  the  air  being  ad- 
mitted, the  acid  in  the  limb  (t)  again  falls  ;  and  this 
continues  until  the  vacuum  is  filled  with  air.    To 
render  a  Welter's  tube  perfect,  the  mercury  must 
offer  a  greater  amount  of  opposition  than  the  acid. 
This  arises  from  the  following  consideration : — ^The 
height  of  a  column  of  liquid,  counterpoised  by  the 
atmospheric  pressure,  depends  on  its  spec.  grav. 
The  spec.  grav.  of  mercury  (omitting  the  fractions) 
is  thirteen  times  that  of  water ;   consequently,    a 
column  of  mercury  1  inch  high  affords  the  same 
opposition  to  the  atmospheric  pressure  as  a  column 
of  water  of  13  inches.    If  we  suppose  the  liquid  in 
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(c)  to  be  pure  water,  of  a  depth  of  13  inches,  this 
will  sustain  the  mercury  in  the  tube  (d)  at  a 
height  of  1  inch ;  but  as  the  water,  from  absorb- 
ing the  gas,  increases  in  specific  gravity  and  height, 
the  gas,  under  these  circumstances,  will  rather 
drive  up  and  expel  the  mercury  from  the  tube  ((f) 
than  enter  the  fluid  in  (c),  if  the  opening  of  tne 
limb  (i)  dips  far  below  the  surface.  On  this  ac- 
count, the  liquid  must  be  scarcely  a  line  in  depth 
above  the  opening  of  the  tube  (i) ;  no  gas  will  be 
lost  from  this  cause,  as  the  water,  when  saturated, 
sinks  to  the  bottom,  and  is  replaced  by  fresh  un- 
saturated. 

In  the  retort,  as  must  now  be  evident,  bisulphate 
of  soda  remains.  Neutral  sulphate  of  soda  (Glau- 
ber's salt)  is  obtained  from  this  by  dissolving  it  in 
water,  and  adding  milk  of  lime,  until  it  loses  its 
acid  reaction  ;  the  sulphate  of  lime  formed  is  allowed 
to  subside,  and  the  liquor,  containing  Glauber's  salt, 
evaporated  and  crystallized. 

Properties. — Solution  of  muriatic  acid  is  a  trans- 
parent fluid,  of  a  pungent  smell  and  taste,  forming, 
in  contact  with  the  air,  white  fumes  (which  arise 
from  the  watery  vapours  in  the  atmosphere  in- 
creasing in  weight,  owing  to  their  eager  absorption 
of  the  gaseous  acid),  and  being  entirely  volatilized 
on  heating.  Its  spec.  grav.  ranges,  according  to  the 
different  pharmacopoeias,  between  1*11  and  1*14. 
If  the  acid  has  a  yellow  colour,  organic  matter  is  the 
cause  (probably  from  dust).  The  yellow  colour  is 
usually  attributed  to  iron,  but  sufficient  of  this 
metal  is  never  present  alone  to  cause  it.  The  iron 
is  detected  by  supersaturating  the  acid  with  am- 
monia, by  which  it  is  precipitated,  in  brown  flocks, 
as  hydrated  oxide  ;  the  chloride  of  iron  in  the  solu- 
tion abstracts  the  oxygen  from  3  atoms  of  water, 
and,  combined  with  3  atoms  of  water,  subsides, 
whilst  the  hydrogen  of  the  first  3  at.  of  water  joins 
the  3  at.  of  ammonia,  and  the  resulting   3  at.  of 
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ammonium  combine  with  the  chlorine  of  the 
chloride  of  iron. 

1  at.  Fe^Clg,  6  at.  HO,  and  3  at.  NH3,  form 
1  at.  Fe203+  3H0,  and  3  at.  l"m4Cl. 

Should  the  ammonia  not  cause  an  instantaneous 
formation  of  a  floculent  brown  precipitate,  the  test 
glass  must  be  allowed  to  remain  quiet  for  an.  hour, 
the  clear  liquid  decanted  from  the  partially-formed 
precipitate,  and  to  the  latter  sulphide  of  ammonium 
is  added,  which  causes  a  blackening  (sulphide  of 
iron) ;  or  solution  of  tannin,  which  changes  it  to  a 
violet,  or  bluish  black  (tannate  of  iron).  If  the 
acid  is  somewhat  reddish,  selenium  is  present, 
which,  if  the  sulphuric  acid  employed  contained  it, 
is  almost  always  the  case.  The  selenium,  originally 
present  in  the  distillate  as  seleniuretted  hydrogen, 
separates,  on  standing  some  time,  as  a  red  powder, 
and  may  then  be  readily  detected.  In  the  com- 
mercial acid  there  may  also  be  present  the  following 
impurities :  free  chlorine^  sulphuric  acid,  sulphurous 
actd,  had,  and  arsenic.  The  chlorine,  which  arises 
from  the  distillation  of  the  salt  with  sulphuric  acid 
containing  nitric  acid,  or  nitrogen  compounds 
generally,  may  be  detected  by  shaking  the  acid 
with  pure  gold  leaf,  filtering  after  some  hours,  and 
decomposing  with  a  solution  of  protosulphate  of 
iron,  or  chloride  of  tin ;  the  former  causes,  first,  a 
grayish  turbidness,  and  then  a  cinnamonrbrown 
precipitate,  whilst  the  latter  causes  a  purple-red 
colour  and  turbidness.  The  free  chlorine  in  the 
acid  dissolves  the  gold,  whilst  the  protosulphate  of 
iron  abstracts  the  chlorine  from  the  chloride  of  gold 
formed,  and  the  gold  is  precipitated  as  a  brown 
powder,  which  by  rubbing  acquires  a  metallic 
lustre. 

1  at.  AugClg,  and  6  at.  FeO  +  SO3,  form 

2  at.  Au,  2  at.  Fe203+  3SO3,  and 

1  at,  FegClg. 
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Of  the  result  of  the  action  of  sesquichloride  of  tin 
on  chloride  of  gold,  many  different  views  exist ; 
we  prefer  (as  already  explained  under  the  article 
AciDUM  AcBTicxjM  CoNC.)  that  in  which  oxide  of 
gold,  =AuO,  is  combined  with  an  oxide  of  tin, 
Sn^Os ;  whilst  hydrochloric  acid  and  chloride  of 
tin  exist  as  secondary  products. 

1  at.  AojClg,  7  at.  Sn^Clj,  and  20  at.  HO, 

form 

2  at.  AuO  +  3Sn,Os  (Purple  of  Cassius), 

2SnCl2,  and  20HC1. 

The  sulphuric  acid,  which  arises  either  by  spirting 
over  or  else  from  heating  the  residue  too  strongly, 
is  known  by  giving  a  white  precipitate,  with 
chloride  of  barium.  In  order  to  prevent  any 
mistake,  the  acid  must  be  previously  diluted  with 
three  times  its  volume  of  water ;  otherwise,  in  the 
absence  of  stUphuric  acid^  a  precipitate  may  form, 
owing  to  the  acid  abstracting  the  water  from  the 
solution  of  chloride  of  barium,  which  is  then  pre- 
cipitated. Sulphurous  acid  occurs  from  the  same 
source  as  the  sulphuric,  and  the  presence  of  a  little 
organic  matter  in  the  salt,  which  abstracts  oxygen 
from  the  sulphuric  acid.  In  hydrochloric  acid 
having  this  impurity,  sulphuretted  hydrogen  causes 
a  milkiness,  both  being  decomposed,  sulphur  and 
water  remaining ;  ( Vide  Acetic  Acid).  The  same 
appearance  is  also  caused  if  free  chlorine  be  present, 
nor  is  it  to  be  depended  on  should  the  acid  con- 
tain arsenic.  In  order  to  detect  any  sulphurous 
acid  with  positive  certainty,  it  is  better  to  introduce 
a  piece  of  pure  zinc  into  the  acid,  and  conduct  the 
gas  evolved  into  a  solution  of  acetate  of  lead,  when 
a  black  precipitate  will  be  caused ;  when  zinc  comes 
in  contact  with  hydrochloric  acid  it  abstracts  the 
chlorine,  and  the  liberated  hydrogen  forms,  with 
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the  sulphurous  acid,  water  and  sulphuretted  hy- 
drogen. 

3  at.  H,  and  1  at.  SOo,  form 
2  at.  HO,  and  1  at.  HS. 

The  sulphuretted  hydrogen  causes  a  black  precipi- 
tate of  sulphuret  of  lead  in  the  solution  of  ike  lead 
salt,  by  giving  up  its  sulphur  to  the  latter,  the 
oxygen  of  which  forms  water  with  the  hydrogen  of 
the  former.  It  must,  however,  be  borne  in  mind, 
that  this  reaction  is  only  of  value  qualitatively,  for 
all  the  sulphur  of  the  sulphurous  acid  is  not  ob- 
tained as  sulphuretted  hydrogen ;  because,  when  a 
portion  of  this  gas  comes  in  contact  with  the  sul- 
phurous acid  yet  imdecomposed,  sulphur  and  water 
are  formed.  Lead  may  be  present,  and  arises  from 
the  gas  being  conducted  through  leaden  pipes 
during  the  distillation  ;  sulphuretted  hydrogen  will 
cause  a  black  precipitate ;  sulphuric  acid,  after  some 
time,  a  white  one,  and,  by  evaporating  such  an  acid, 
chloride  of  lead  will  crystallize  from  it.  Finally, 
arsenic  is  by  no  means  an  uncommon  impurity, 
arising  from  the  use  of  sulphuric  acid  containing 
this  metal,  for  the  decomposition  of  the  salt.  Sul- 
phuretted hydrogen  causes,  in  such  acid,  a  lemon- 
yellow  precipitate  of  golden  orpiment,  AsgSg,  readily 
soluble  in  alkaline  carbonates,  whilst  the  chlorine, 
previously  combined  with  the  arsenic,  passes  to  the 
hydrogen  of  the  sulphuretted  hydrogen. 

3  at.  HS,  and  I  at.  AsaCL,,  form 
1  at.  AS2S3,  and  3  at.  HCl. 

To  reduce  the  sulphuret  of  arsenic  to  the  metallic 
state  it  is  rubbed  with  4  times  its  weight  of  well- 
dried  neutral  oxalate  of  potash  (KO  +  CgOg),  and 
the  mixture  heated  in  a  test-tube  over  the  spirit- 
lamp  ;  just  above  the  substance  a  metallic  ring  will 
be  formed,  and  at  the  mouth  of  the  tube  a  smell  of 
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garlic  will  b«  erolTed. 
oxygen  from  the  poCaah  taimM  carbonic  mad  which 
is  eTolTed,  the  potaasiiini  oombines  with  the  guifhnr 
of  the  solphuret  of  anenic,  whilst  the  anenic  being 
liberated,  Tolariliiea  and  ia  deposited  in  the  cold 
part  of  the  tube : — 

3  at.  KO  +  CsO,  and  1  at.  As^S,,  tana 
3  at.  KS,  6  at.  CO^,  and  2  at.  Aa. 

The  garlic  odour  is  dne  to  the  T^Kwr  of  ftillif 
arsenic. 

A  more  exact  method  is  that  of  Marsh,  in  whaA 
the  arsenic  is  instantly  obtained  in 
form;  a  4  or  6  ounce  bottle  is  fitted  with  a 
dosed  cork,  boied  with  two  holes,  throogh 
which  is  psfflsed  the  shorter  limb  of  a  tobe, 
ri^^  an^fs,  the 
longer  lunb  be- 
ing drawn  oat  to 
a  finepoint  at  the 
endjintheaecond 
hole  is  placed 
a  fdnnel  tube 
reaching  almost 
to  the  bottom  of 
the  bottle.  The 
accompanying 
wood  -  cut  ex- 
plains the  ap- 
paratus. After  placing  some  dried 
the  shorter  limb  of  the  tube  (to  retain  any  moistui) 
a  few  pieces  of  zinc  are  pot  in  the  bottle,  theeofk 
inserted,  and  so  mnA  of  the  sospected  hydrochloric 
add  poured  throng  the  fimnd  as  shall  entlieit 
oorer  the  lower  end  of  the  fimndtnbe.  The  ' 
immediatdy  attacked  by  the  acid,  blonde  of 
is  fannpd,  and  the  Ubetated  hydfogem 
with  the 
(AsjHa):— 

Cr2 
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1  at.  A82CI3  and  6  at.  H.  form 
1  at.  AS2H3  and  3  at.  HCl. 

The  greater  part  of  the  hydrogen  is  evolved  through 
the  open  tube  uneombined,  and  mixed  with  the 
arseniuretted  hydrogen.  The  arsenic  may  now  be 
detected  as  follows :  after  allowing  the  gas  to  escape 
so  long  that  apparently  no  more  atmospheric  air  is 
contained  in  the  apparatus,  a  light  is  applied  to  the 
opening  (i),  the  horizontal  limb  is  heated  at  the 
point  (a)f  by  means  of  a  small  spirit-lamp  held  in 
the  left  hand,  whilst  the  right  contains  a  porcelain 
dish,  placed  slantwise,  but  close  over  the  flame 
at  (6).  Even  if  the  hydrochloric  acid  contain  only 
a  slight  trace  of  arsenic,  on  the  outer  portion  of  t)ie 
heated  part  of  the  tube  there  will  be  deposited  a 
metallic  ring,  and  on  the  porcelain  a  similar  metallic 
precipitate  of  arsenic.  On  holding  the  nose  near 
the  flame  (b)  the  smell  of  garlic  is  perceptible.  By 
heating  as  well  as  combustion  the  arseniuretted  hy- 
drogen is  reduced  into  its  elements,  but  on  accoimt 
of  its  rapid  transition  through  the  heated  tube,  a 
portion  of  the  gas  will  escape  decomposition ;  this, 
however,  is  ignited  on  its  exit  from  the  tube,  and 
the  metallic  arsenic  collected  on  porcelain.  Should 
it  give  no  deposit,  more  hydrochloric  acid  must  be 
added  through  the  funnel,  as  it  is  possible,  if  it 
contain  only  a  small  portion  of  arsenic,  that  this 
may  have  escaped  v\rith  the  hydrogen  that  was 
evolved  previous  to  applying  the  heat.  On  no  ac- 
coimt, in  order  to  avoid  this  loss,  must  a  light  be 
applied  to  the  apparatus  when  the  evolution  of  the 
gas  first  commences,  as  the  atmospheric  air  then 
contained  in  the  apparatus  forms  with  the  hydrogen 
a  mixture  which,  on  the  application  of  a  flame,  ex- 
plodes with  fearful  violence.  The  reason  of  this 
explosion  is  the  condensation  of  the  two  gases  to 
water  and  the  pressure  of  the  external  air,  which 
rushes  in  to  supply  the  vacuum  with  such  force  that 
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even  the  strongest  vessel  is  shattered,  or,  more  pro- 
perly speaking,  crushed.  The  loss  of  arsenic  may, 
however,  be  entirely  prevented  by  bending  the  tube 
(a)  downwards,  and  passing  the  stream  of  gas 
tlurough  a  solution  of  chloride  of  soda  (hypochlorite 
of  soda.)  On  entering  this  solution  the  aseniuretted 
hydrogen  is  decomposed,  the  hydrogen  forming 
water  with  the  oxygen  of  the  hypochlorous  acid ; 
the  arsenic  combines  with  oxygen  of  the  soda  to 
form  arsenious  acid,  and  the  hypochlorite  of  soda 
is  reduced  to  chloride  of  sodium : — 

3  at.  NaO  +  CIO  and  1  at.  AS2H3,  form 
3  at.  NaCl,  3  at.  HO,  and  1  at.  As^Oj. 

An  excess  of  chloride  of  soda  will,  however,  con- 
vert the  arsenious  into  arsenic  acid : — 

1  at.  AS2O3  and  2NaO  +  CIO,  form 
1  at.  AS2O5  and  2NaCl. 

Consequently  in  this  solution  the  tests  for  arsenic 
acid  must  be  also  applied.  After  the  first  portions 
of  the  gas  (excepting  the  atmospheric  air)  have  been 
conducted  into  the  chlorinated  soda  solution,  the 
latter  is  removed,  the  lower  portion  of  the  glass 
tube  rapidly  dried,  turned  upwards,  and  the  gas 
treated,  as  above  directed,  by  heating  and  combus- 
tion. The  metallic  deposit  resulting,  in  either  case, 
is  readily  distinguishable  from  any  similarly  ob- 
tained (antimony  for  instance)  by  instantly  disap- 
pearing on  the  addition  of  a  concentrated  solution 
of  chlorinated  soda.  Such  a  solution  can  still  be 
tested  in  the  moist  way,  and  serve  as  a  corroborative 
proof. 

PuriJUxUion^ — Selenium  is  entirely  deposited  on 
standing  some  time,  and  may  then  be  separated 
from  the  acid  by  filtration.  Organic  matter,  lead^ 
sulphuric  acid,  and  iron  are  left  behind  on  rectifica- 
tion (if  sulphuric  acid  be  present  it  is  better  to  add 
a  few  ounces  of  common  salt  previously).    The  dis- 
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tillation  must,  however,  never  be  pushed  to  dryness, 
and,  if  iron  be  present,  ^  a  pound  at  least  should  re- 
main in  the  retort ;  the  distillate  will  then  contain  no 
trace  of  iron.  Chlorine  or  sulphurous  acid  are  most 
readily  dissipated  by  heating  ^e  acid  in  a  retort  to 
the  boiling  point,  and,  when  about  ^  has  distilled 
over,  changing  the  receiver.  If  only  chlorine  viras  pre- 
sent, the  remainder  of  the  acid  comes  off  pure ;  but 
if  it  also  contained  sulphurous  acid,  the  rest  must 
be  distilled  off  common  salt  (that  should  pre- 
viously have  been  added),  as  sulphuric  acid  is 
present.  To  get  rid  of  the  arsenic,  digest  the  acid 
with  -^  of  its  weight  of  metallic  mercury,  in  a  tubu- 
lated retort,  with  receiver  attached,  for  some  days 
in  a  sand  bath,  at  a  gentle  temperature.  A  litde 
acid  is  then  taken  out  with  a  pipette,  filtered,  if 
necessary,  and  sulphuretted  hydrogen  conducted 
into  it ;  if  it  give  a  yellow  precipitate  (sulphuret  of 
arsenic)  the  digestion  must  be  repeated  until  this  is 
no  longer  the  case  ;  a  second  digestion  is,  however, 
seldom  necessary.  If  sulphuretted  hydrogen  causes 
no  yellow  precipitate,  but  only  a  gradual  blackening 
of  sulphuret  of  mercury,  the  acid  in  the  retort  may  be 
filtered,  for  which  doubled  printing  paper  ♦  answers 
well ;  or  the  filtration  may  be  dispensed  vfdth,  and, 
after  changing  the  receiver,  the  distillation  of  acid 
proceeded  with.  The  mercury  abstracts  chlorine 
from  its  combination  with  arsenic,  which  latter  pre- 
cipitates, as  a  brown  powder,  combined  with  a  por- 
tion of  chlorine,  (a  sort  of  sub-chloride).  The 
chlorine  that  was  previously  combined  with  arsenic 
forms  with  the  mercury  a  soluble  perchloride  ;  con- 
sequently the  blackening  with  sulphuretted  hydro- 
gen. With  a  large  excess  of  mercury  only  insoluble 
chloride  (calomel)  should  be  present,  and,  by  a 
longer  digestion,  a  portion  is  formed,  but  whedier 

*  This  is  German  printing  paper*  which  is  tax  more  porous 
than  English. 
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all  the  perchloride  of  mercarj  first  fbnned  precipi- 
tates in  this  mannfr  is  doubtful,  as  we  most  recol- 
lect that  here  two  opposite  forces  are  brought  into 
play — ^the  reduction  of  the  mercury  and  the  soWent 
action  of  the  hydrochloric  acid  on  the  calomeL 
In  order  to  separate  the  small  quantity  of  dissoWed 
mercury  from  the  acid,  after  removing  the  arsenic, 
it  is  subjected  to  a  careful  rectification. 

The  hydrochloric  acid,  if  agitated  with  mercury, 
at  the  ordinary  temperature,  is  entirely  freed  from 
arsenic,  only  a  much  longer  digestion  is  necessary. 

The  excess  of  mercury,  after  washing  and  drying, 
is  freed  from  the  adhering  powder,  by  straining 
through  a  paper  filter,  with  a  very  fine  hole  at  the 
bottom,  (a  needle  puncture).  It  is  now  entirely 
pure,  and  may  be  used  for  any  purpose.  The  loss 
is  inconsiderable. 

The  mercury  may  be  replaced  by  copper  turnings 
withthesameresults,  only  that  a  considerable  portion 
is  lost,  (from  diBsolying)  ;  whilst  the  remaining  cop- 
per is  with  difficulty  freed  from  the  adhering  arsenic, 
and  serves  only  for  the  formation  of  a  salt  of  copper 
(sulphate  of  copper),  which  is  free  from  arsenic  so 
long  as  any  metallic  copper  remains  undissolved. 


ACroUM  NITRICUM. 

Spirittu  Nitri, — yitric  Acid, — Aqua  Fartis. 

Formula  of  the  most  concentrated  : — 

NO5  +  HO. 

Formula  of  the  concentrated : — 

NO5  +  5HO. 

PrqMiration. — (a)    1^  tnost  concentrated  or 
nohydrate.      This,  or  fuming  nitric  acid,   a<3  it  is 


a 
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called,  (although  it  shares  this  property  with  the 
following,  (6),  is  most  readily  prepared  from  nitre. 
12  Parts  of  powdered  (granulated)  nitre  are  put  into 
a  retort,  the  latter  placed  in  a  sand  bath,  and  12 
parts  of  concentrated  sulphuric  acid  added;  it  is 
connected  with  a  capacious  well-cooled  receiver,  and 
the  distillation  carried  on  with,  towards  the  end,  a 
tolerably  strong  fire>  until  no  more  drops  appear  at 
the  neck  of  the  retort.  The  end  of  the  process  is 
known  by  the  contents  of  the  retort  quietly  liquefy- 
ing. It  is  not  necessary  to  use  a  tubulated  retort, 
but,  in  order  to  prevent  any  sulphuric  acid  touching 
the  neck,  it  must  be  poured  through  a  long-neckea 
funnel,  bent  at  right  angles.    The  receiver  is  not 


to  be  luted,  but  pushed  so  far  up  the  neck  of  the 
retort  that  the  two  are  in  close  contact,  because, 
first,  the  volatility  of  the  nitric  acid  is  not  so 
great  as  to  cause  a  great  loss ;  and,  secondly,  it 
is  impossible  to  prevent  a  small  portion  from 
forming  vapour,  which  would  continually  eat 
through  any  different  portions  of  luting.  The 
beak  of  the  retort  shoiQd  reach  about  the  centre 
of  the  receiver.  The  distilled  product  weighs  about 
7$  parts. 

The  nitrate  of  soda  (Chilian  Nitre)  is  not  so 
suitable  for  the  preparation  of  the  monohydrated 
acid,  as  the  mixture  froths  up  very  strongly,  and 
requires,  even  for  the  decomposition  of  a  small 
quantity,  a  capacious  vessel ;  but  with  the  nitrate 
of  potash  the  process  goes  on  quietly. 

(6)  The  concentrated,  or  second  hydrate.  For 
this,  the  nitrate  of  soda  is  the  most  economical 
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source.  10^  Parts  of  commercial  nitrate  of  soda, 
freed  from  seeds  and  other  foreign  bodies  which  it 
contains,  are  put  in  a  retort,  a  mixture  of  12  parta 
concentrated  sulphuric  acid  with  3  of  water  added, 
and  the  whole  distilled  in  a  sand  bath.  The  de- 
composition proceeds  with  a  good  deal  of  frothing 
up.  The  yield  is  11  parts,  or  a  little  more  than  a 
similar  weight  of  saltpetre. 

As  in  this  distillation  the  strongest  acid  comes 
over  first,  it  may,  if  desired,  be  kept  separate  by 
changing  the  receiyer  when  about  one-third  has 
petssed  oyer. 

It  is  scarcely  necessary  to  add,  that,  according  to 
the  state  of  dilution  of  the  sulphuric  acid  employed 
the  distillate  may  be  obtained  of  any  strength. 

JtecapitulcUion, — ^Nitrate  of  potash  consists  of  an 
atom  of  potash  and  one  of  nitric  acid,  fr«e  from 
water,  ^KO  +  NOj.  Like  the  common  salt,  and 
for  a  similar  reason  (vide  Htdbochloric  Acin),  it 
requires,  even  with  a  sand  heat,  2  at.  of  sulphuric 
acid  for  its  entire  decomposition. 

1  at.  KO  +  NOft,  and  2  at.  SO3  +  HO,  form 
1  at.  (KO  +  SO3)  +  (HO  +  SO3)  and 
lat.  NO5  +  HO. 

1265  Parts  of  nitrate  of  potash  require  1226  of 
concentrated  English  sulphuric  acid,  which,  bear- 
ing in  mind  that  the  commercial  sulphuric  acid 
almost  always  contains  more  water  than  a  simple 
hydrate,  agrees  with  the  respective  atomic  propor- 
tions. This  excess  of  water  is  also  a  reason  why 
the  distillate,  which  should  weigh  only  71,  yieiaa 
at  least  7f  parts.  At  the  commencement  of  the 
process,  and  again  at  the  end,  thick  brownish- 
yellow  vapours  are  produced;  these  are  partially 
given  off,  but  mostly  remain  absorbed  by  the  acio, 
which  is  in  consequence  discoloured.  They  proceed 
from  the  decomposition  of  a  portion  of  the  nitric 
acid,  and  originate  in  both  cases  from  the  same 
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cause.  For  instance,  at  first,  "when  a  good  deal  of 
stdphiiric  and  but  little  nitric  acid  are  present,  the 
former  possesses  the  power  to  abstract  a  portion  of 
water  from  the  latter,  and  as  nitric  acid,  after  this 
abstraction  of  its  water  of  hydration,  is  not  very 
stable,  it  is  decomposed  into  yellowish  brown 
vapours  of  hyponitric  acid,  =N04,  and  oxygen  gas. 
A  similar  efiect  to  this  is  caused,  at  the  end  of  the 
process,  by  the  bisulphate  of  potash. 

The  bisulphate  of  potash  in  the  retort  is  either 
used  as  such,  or,  saturated  with  potash,  to  form 
neutral  sulphate. 

The  reason  why  the  nitrate  of  soda  is  more 
difficult  of  decomposition  with  the  concentrated 
sulphuric  acid  than  the  nitrate  of  potash,  is  as 
follows: — the  bisulphate  of  potash  (KO  +  SOj, 
HO  +  SO3)  contains  no  water  of  crystallization, 
whilst  the  bisulphate  of  soda  (NaO  +  SO3,  HO  +  SO3) 
is  combined  with  3  at.  water  of  crystallization.  So 
soon,  in  the  distillation  of  nitrate  of  soda  with  con- 
centrated sulphuric  acid,  as  any  bisulphate  of  soda 
has  formed,  it  begins  abstracting  the  water  from  the 
(hydrated)  nitric  acid  that  has  been  liberated,  and 
from  the  still  imcombined  sulphuric  acid,  by  which 
means  a  certain  degree  of  dr^ess  is  caused  in  the 
mass  (this,  as  the  action  of  the  sulphuric  acid  and 
evolution  of  nitric  acid  proceeds  with  certainty, 
although  slowly,  causes  the  mass  to  become  puffed 
up),  and  consequently  a  continued  strong  heat  is 
necessary  to  weaken  the  attraction  of  the  salt  for 
the  water  so  far  that  a  perfect  decomposition  of 
nitrate  of  soda  can  take  place. 

The  recapitulation  of  the  process  employed  for 
the  concentrated  acid  is  exactly  similar  to  the 
preceding. 

1  at.  NaO  +  NO5,  and  2  at.  SO3  +  HO,  form 
1  at.  (NaO  +  SOa,  HO-f  SO3)  and  1  at. 
NO5  +  HO. 
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1065  Parts  of  nitrate  of  soda  require  1226  parts  of 
hydrate  of  sulphuric  acid,  or  10^  parts  of  the  first 
to  12  parts  of  the  latter.     The  extra  water  that  the 
acid  of  commerce  may  contain  will  be  compensated 
for  by  the  hygroscopic  property  of  the  salt.    The  S 
parts  of  water  used  for  diluting  the  acid  is  about 
the  quantity  which  the  bisulphate  of  soda  requires 
for    its    crystallization,   Tis.  3  at. ;    consequently, 
the  decomposition  will  be  assisted,  and  the  mixture 
in  the  retort  kept  properly  fiuid  by  it;   this,  as 
aboye  stated,  is  the  reason  why  the  nitrate  of  soda 
is  decomposed  so  much  more  readily  by  a  weaker 
acid.    The  acid  therefore,  as  this  additional  water 
finally  passes  oyer,  is  not  the  monohydrate  (NO^-i* 
HO),  but,  with  the  hygroscopic  water  of  the  nitrate 
of  soda,  and  the  excess  oyer  1  at.  of  water  that  the 
sidphuric  acid  contains — (vide  Sulphusic  Acid)— 
forms  the  second  hydrate  (NO5  +  5H0),  and  weighs 
11  parts,  in  which  are  contained  7i  parts  of  the 
monohydrate.     Thus,  the  adyantage  of  nitrate  of 
soda  oyer  the  nitrate  of  potash,  consists  not  only  in 
its  being  less  costly,  but  also  that  10^  parts  of  the 
former  yields  as  much  acid  as  12  of  the  latter. 

The  residuary  bisulphate  of  soda  may  be  em- 
ployed, as  described  under  the  article  Htdboohix>uo 
Acid,  in  making  Glauber's  salts. 

Properties, — ^The  monohydrated  nitric  acid  fomifl 
(on  account  of  the  hyponitric  acid  it  contains)  a 
deep  golden  yellow  liquid,  of  a  spec.  gray.  1*52, 
fuming  in  the  air ;  that  made  with  commercial  sul- 
phuric acid  is,  howeyer,  seldom  denser  than  1*50. 
The  second  hydrate  (also  from  the  presence  of  hypo- 
nitric  acid)  is  commonly  of  a  yellowish  colour, 
fuming  in  the  air,  and  haying  a  spec.  gray.  1*41. 
By  boiling,  the  hyponitric  acid  is  dissipated,  both 
acids  are  then  colourless  and  giye  off  white  fumes 
when  exposed  to  the  air ;  the  fumes  arise  from  the 
great  eagerness  of  the  acid  to  seize  more  water ;  so 
soon  as  the  acid  yapours  meet  with  aqueous  yapours 
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in  the  air,  they  condense,  and  combine  with  them, 
forming  very  minute  dxaps ;  consequently,  the 
fumes  are  a  combination  of  acid  and  water  in  a 
finely  divided  state.  The  colourless  acid  has  a 
pecidiar  slight  odour,  the  coloured  is  sharp  and 
suffocating,  both  taste  intensely  acid,  readily  destroy 
organic  matter,  especially  animal  substances,  oo» 
louring  them  yellow,  and  YolatUize  completely  on 
heating.  Besides  hyponitric  acid  it  may  contain 
as  impurities  chlorine,  sulphuric  acid,  and  iodine. 

The  hyponitric  acid,  as  just  stated,  may  be  known 
from  the  colour  it  imparts,  and  the  yellow  fumes 
eyolyed  on  heating ;  also  by  sulphuretted  hydrogen 
water  causing  a  turbidity  in  it,  the  hyponitric 
acid  oxidizing  the  hydrogen  of  the  sulphuretted 
hydrogen,  forming  water,  and  precipitating  the  sul- 
phur. Sulphuric  acid,  arising  either  from  a  portion 
in  the  retort  spirting  oyer,  or  some  oyersight  in  the 
manipulation,  will,  when  the  acid  is  diluted  with 
4  parts  of  water,  giye  a  white  precipitate  on  the 
addition  of  a  solution  of  baryta ;  it  is  necessary  to 
dilute  the  acid,  otherwise  by  abstracting  wat^  from 
the  solution  of  nitrate  of  baryta,  it  would  cause  a 
precipitate  of  the  latter  without  any  sulphuric  acid 
being  present  Chlorine  will  be  pi^ent  if  the  nitre 
was  contaminated  with  chloride  of  potassium  or 
sodium ;  both  of  these  chlorides  giye  off  their  chlo- 
rine as  hydrochloric  acid  by  the  action  of  sulphuric 
acid  and  the  decomposition  of  water ;  in  contact  with 
nitric  acid  the  hydrogen  is  abstracted,  formiag 
nitrous  acid,  water,  and  free  chlorine.  Nitrate  (» 
silver  will  cause  in  such  nitric  acid  the  casiform  pre- 
cipitate soluble  in  ammonia.  Iodine,  as*  iodate  of 
soda,  or  iodide  of  sodium,  is  sometimes  present  m 
Chilian  nitrate  of  soda.  On  distilling  from  such  a 
nitrate,  nitric,  iodic  and  hydriodic  acids  are  gjiven 
off,  the  two  last  by  decomposing  each  other,  form 
water  and  iodine : — 
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ing  behind.  In  order  to  separate  the  two  last- 
mentioned  acids  together  with  the  iron,  an  ounce 
or  two  of  pure  nitrate  of  potash  is  added  to  the 
acid  previously  to  boiling ;  after  the  hyponitric  acid, 
chlorine,  and  iodine  are  driven  off,  the  receiver  is 
changed,  and  the  remainder  distilled  until  a  few 
ounces  remain.  If,  however,  it  is  desirable  to  lose 
none  of  tlie  nitric  acid  by  the  distillation,  a  solution 
of  nitrate  of  silver  is  added  so  long  as  a  turbidity 
ensues,  then  some  pure  nitre  and  bichromate  ol 
potash,  and  distilled  to  a  few  ounces  of  residue.  The 
iodine  and  chlorine  combine  with  the  silver,  the  sul- 
phuric and  iodic  acids  to  the  potash  of  the  nitre, 
and  the  second  atom  of  chromic  acid  in  bichromate 
of  potash  oxidizes  the  hyponitric  acid  to  nitric 
acid ;  itself,  by  thus  giving  off  its  oxygen,  being 
converted  into  chromic  oxide.  x 

Of  course  all  these  newly-formed  compounds,  to- 
gether with  the  iron,  remain  in  the  residue.  To  re- 
obtain  the  silver  employed,  it  is  agitated  vdth  a 
little  hydrochloric  acid,  on  account  of  the  excess  of 
nitrate  of  silver  used,  the  chloride  and  iodide  of 
silver  washed  with  water,  and  reduced  by  heating 
vidth  carbonate  of  potash. 

Neither  nitrate  of  lead  nor  nitrate  of  potash  can 
be  used  to  replace  the  nitrate  of  silver  for  retaining 
the  chlorine  or  iodine  on  distilling. 

Lastly,  it  will  not  be  superfluous  to  mention, 
that  in  purifying  the  nitric  acid  care  must  be  taken 
to  avoid  using  a  retort  which  has  previously  been 
employed  to  distil  hydrochloric  acid,  as  even  by  the 
most  careful  rinsings,  traces  of  hydrochloric  add 
will  remain  in  the  pores  of  the  glass,  and,  being 
driven  out  by  the  vapours  of  the  nitric  acid,  render 
the  latter  again  impure. 
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ACIDUM    OXAUCUM. 

Oxalic  Acid, 

Formxtxa:   C203  +  HO  +  2Aq. 

Preparation,  (a)  From  binoxaUUe  of  potash, — 3  Parts 
of  this  salt  are  warmed,  in  a  capacious  porcelain 
dish,  with  12  parts  of  distiUed  water,  and  small 
portions  of  carbonate  of  potash  added  so  long  as  an 
effervescence  ensues ;  for  this  2]  parts  will  be  ne- 
cessary.   To  the  still  warm  liquid  sugar  of  lead  is 
added,  with  constant  stirring,  until  a  small  portion, 
when  filtered,  gives  no  precipitate  on  the  addition 
of  a  solution  of  sugar  of  lead;   9  parts  will  be 
generally  sufficient.    The  whole  of  the  contexts  of 
the  dish  is  poured  into  a  large  st(»ie  jar,  the  latter 
filled  with  water,  allowed  to  stand  24  hours ;  the 
clear  liquid  is  then  drawn  off  with  a  syphon,  and 
kept  as  a  solution  of  acetate  of  potash ;  the  pre- 
cipitate is  washed  with  water,  untU  a  portion  of  the 
clear  wash  water  gives  no  residue  on  evaporation ; 
when  it  is  collected  on  a  cloth  and  dried  at  a  gentle 
temperature.    Its  weight  is  6^  parts,  or  somewhat 
more.     6  Parts  of  this  dry  oxalate  of  lead  are 
gradually  added  to  a  mixture  of  2  parts  of  con- 
centrated sulphuric  acid  and  18  of  water,  in  a  por- 
celain or  leaden  vessel,   gently,  heated  and  well 
stirred  for  24  hours,  the  evaporated  water  being 
constantly  replaced ;  the  liquid  is  then  decanted, 
the  white  salt  treated  3  or  4  times  with  cold  water, 
the  precipitate  collected  on  a  cloth,  and  the  whole 
of  the  liquors  mixed  and  evaporated,  in  a  porcelain 
or  leaden  vessel,  to  crystallization.     By  evaporating 
the  mother  liquors  more  crystals  may  be  obtained ; 
the  last    portions   form  a    brown-coloured  liquid^ 
which    on  heating    gives  off  a   penetrating  sour 
smell,  but  yielding  no  crystals  on  evaporation,  it 
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may  bo  tlirown  away.  The  several  lots  of  crystals 
may  now  be  dried  on  blotting  paper,  with  a  yery 
gentle  heat,  dissolyed  in  one-fifSi  of  their  weight  of 
hot  distilled  water,  filtered  and  crystallized.  The 
crystals  are  again  dried  on  pai>er.  About  1^  parts, 
or  rather  more,  of  oxalic  acid  is  thus  obtained  from 
3  parts  of  binoxalate  of  potash.  This  oxalic  acid 
always  contains,  even  with  the  most  careful  mani- 
pulation, a  small  quantity  (oyer  1  per  cent)  of 
potash.  The  quantity  of  potash  may  be  diminished 
by  rubbing  the  acid  up  with  4  parts  of  cold  water, 
filtering  and  crystallizing  the  filtrate.  The  crystals 
now  yield  on  calcination  a  residue  scarcely  J^ 
their  weight  (carbonate  of  potash).  By  subhma* 
tion  of  course  all  the  potash  remains  bchmd,  but  in 
this  case  a  small  portion  of  the  acid  is  always  lost 
by  being  converted  into  carbonic  acid  and  carbonic 
oxide.  C203=COa  +  CO.  When  an  acid  perfecUy 
free  from  alkali  is  reqiiired,  it  is  best  prepared  by 
the  following  method : — 

(6)  From  Sugar, — ^In  a  retort,  which  will  contain 
three  times  the  quantity  of  the  materials  employed, 
is  placed  1  part  of  white  sugar,  in  lumps,  and  8 
parts  of  nitric  acid,  spec.  grav.  1*4 ;  the  retort  is 
placed  in  a  sand  bath,  and  a  capacious  receiver, 
containing  1  part  of  distilled  water,  connected 
without  luting.  The  solution  of  the  sugar  is  now 
promoted  by  gently  agitating  the  retort ;  before  ib» 
solution  is  entirely  accomplished,  a  very  powerful 
action  ensues  (but  by  no  means  dangerous,  especially 
if  the  boiling  over  of  the  liquid  be  avoided),  and 
thick  brown  yellow  vapours  pass  over  into  the  re- 
ceiver, which  must  consequently  be  well  cooled. 
When  the  ebullition  in  the  retort  has  ceased,  heat 
is  applied  and  the  acid  distilled,  leaving  about  ^ ; 
the  contents  of  the  retort,  still  hot,  are  poured  into 
^  porcelain  dish,  the  retort  is  rinsed  with  a  litUe 
vrater,  and  the  dish  placed  for  24  hours  in  a  cool 
spot.    The  crystalline  mass  now  formed  is  placed 
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in  a  funnel  loosely  closed  with  a  glass  stopper,  the 
cryBtals  washed  with  a  little  cold  water,  and  the 
mother  liquor  evaporated  to  half  its  bulk,  to  obtain 
more  crystals ;  these  are  strained,  washed  to  firee 
from  mother  liquid,  and  together  with  the  first 
quantity  dissolved  in  hot  water.  The  weight  of 
acid  will  be  about  half  that,  or  rather  more,  of  the 
weight  of  sugar  employed. 

RecapittUation, — (a)  The  binoxalate  of  potash  con- 
sists of  1  at.  potash,  2  at.  oxalic  acid,  and  3  at. 
water,  ^KO  +  C2O3,  HO  +  CaO,,  2  Aq.  By  the  ad- 
dition of  carbonate  of  potash  (KO  +  C02)f  it  is  con- 
verted into  readily-Kolnble  simple  (neutral)  oxalate 
of  potash,   carbonic  acid  being  given  off;   this  is 

entirely  decomposed  by  sugar  of  lead  (PbO  +  A  + 
3  Aq.)  ;  oxalate  of  lead,  PbO  +  Cfi^,  bemg  precipi- 
tated as  a  white  insoluble  powder,  whilst  acetate  of 
potash  (KO  +  A)  remains  in  solution. 

1  at.  KO  +  O2O3,  HO  +  O2O3  +  2Aq.,  and  1  at.  KO 

+  CO2,  form 

2  at.  KO  +  C2O3; 

then, 
2  at,  KO  +  C2O3,  and  2  at.  PbO  +  A  +  3  Aq.,  form 

2  at.  PbO  +  C2O3,  aud  2  at.  KO  +  A. 

1827  Parts  of  binoxalate  of  potash  require  865 
parts  of  carbonate  of  potash,  and  4740  parts  of 
acetate  of  lead ;  according  to  this  the  relative  pro- 
portions are  3  parts  of  binoxalate,  2§  carbonate  of 
potash,  and  9  parts  of  sugar  of  lead,  but  much 
more  of  the  two  latter  are  necessary,  as  the  first 
salt  contains  a  certain  quantity  of  quodroxalate,  or 
a  SEilt  containing  more  acid  than  the  binoxalate, 
which  of  course  yields  a  corresponding  proportion  of 
acid.  For  the  same  reason,  the  oxalate  of  lead  thus 
obtained  is  eilways  nearer  seven  parts  than  six,  the 
quantity  denoted.  However,  as  the  quodroxalate 
is  not  always  present  in  the  same  proportions,  the 
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quantity  of  carbonate  of  potash  and  sngar  of  lead 
required  will  vary.  In  order  to  decompose  the  ox- 
alate of  lead  an  atom  of  sulphuric  acid  is  Tequisite. 

1  at.  PbO  +  CaOg,  and  1  at.  SO3  +  HO,  form 
1  at.  PbO  +  SOj,  and  1  at.  C2O3  +  HO, 

consequently  to  1844  parts  of  oxalate  of  lead  613 
parts  of  hydrated  sulphuric  acid  are  requisite,  or 
6  parts  of  the  first  to  two  of  the  latter,  which  must 
be  diluted  with  a  considerable  quantity  of  water, 
in  order  to  dissolve  the  liberated  oxalic  acid.  All 
the  oxalic  acid  must  be  again  crystallized,  in  order 
to  deprive  it  of  any  small  quantity  of  adhering  sul- 
phuric acid. 

The  acetate  of  potash,  which  is  obtained  as  a 
secondary  product,  and  in  a  great  measure  covers 
the  expense  of  the  materials  employed,  must,  for 
medicinal  purposes,  be  entirely  deprived  of  lead. 
To  efiect  this,  carbonate  of  potash  is  added  as  long 
as  a  precipitate  occurs,  the  precipitated  carbonate 
of  lead  is  filtered  off,  and  sulphuretted  hydrogen 
gas  passed  through  the  liquors  to  remove  the  last 
trace  of  lead ;  allow  it  to  subside,  filter,  super- 
saturate in  a  porcelain  dish  with  acetic  acid,  and 
evaporate  to  dryness.  From  3  parts  of  salt  of 
sorrel  about  3^  of  acetate  of  potash  are  obtained* 

The  sulphate  of  lead  obtained  is  also  useful  as  a 
pigment,  but  always  contains  a  small  quantity 
of  oxalate  of  lead,  which  is  removed  wi&  great 
difficulty,  and  renders  the  yield  of  oxalic  acid 
rather  below  the  calculated  quantity.  If  an  excess 
of  sulphuric  acid  be  employed  with  a  view  of  pre- 
venting this,  the  oxalic  acid  becomes  contaminated 
with  a  trace  of  sulphuric  acid,  which  is  never* 
theless  entirely  removable  by  a  second  crystalliza- 
tion. 

(6)  The  common  white  (cane  or  beetroot)  sugar 
consists  of  CisHjiOii ;  this,  brought  in  contact  "with 
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nitric  acid,  ib  converted  into  oxalic  acid,  hj  the 
oxygen  of  the  former  (which  is  reduced  thereby  to 
nitric  oxide,  —  NO2),  one  half  of  its  carbon  form- 
ing carbonic,  the  o&er  lialf  oxalic  acid,  whilst  the 
oxygen  and  hydrogen  of  the  sugar  separate  as 
water. 

1  at.  C12H11O11,  and  7  at.  NO5,  form 
6  at.  CO,,  3  at.  Cfi^,  11  at.  HO, 
and  7  at.  NOj. 

9  At.  of  the  water  thus  separated  go  to  the  oxalic 
acid,  to  form  the  hydrated  acid,  and  the  nitric  oxide, 
by  absorbing  oxygen  from  the  air,  is  converted  into 
hyponitric  acid,  =N04,  which  is  perceptible  as  a 
yellow  brown  yapour.    For   2138  parts   of  sugar 
4726  parts  of  anhydrous  nitric  acid,  or  8750  parts 
of  that  having  a  spec.  grav.  1'4  (54  per  ct.  anhy- 
drous), should  suffice  ;  but  practice  teaches  that  it  is 
necessary  to  employ  almost  twice  this  quantity,  or 
the  yield  will  be  very  trifling ;  and  in  spite  of  this, 
only  half  as  much  oxalic  acid  is  obtained  as  theory 
denotes ;  for  3  at.  of  hydrated  oxalic  acidy^CjOj-i* 
3HO,  weigh  2365,  or  more  than  the   sugar  em- 
ployed ;  consequently,  half  of  the  sugar  is  lost  in 
the  process.    'Die  reason  of  this  loss  is  the  forma- 
tion of  the  so-called  saccharic  acid,  =  CJ3.fi^,  or 
Oi2HgOi4,   ensuing  from    1   at.   sugar,   CisHuOu, 
losing  3  at.  of  hydrogen  and   absorbing  3  at.  of 
oxygen.     This  saccharic   acid  remains  as  a  very 
soluble,  indeed  deliquescent  body  in  the  mother 
liquor ;  by  nitric  acid  it  is   converted  into  oxalic 
aud  carbonic  acids  and  water,  but  it  requires  treat- 
ing so  many  times  with  nitric  acid  entirely  to  effect 
the  decomposition,  that  it  is  better  to  evaporate  the 
mother  liquor,  and,  calculating  the  residue  as  su^ar, 
use  it  as  such  in  the  next  batch  of  acid.    The  yield 
is,  of  course,  then  far  greater  than  from  the  same 
weight  of  sugar. 
The  contents  of  the  receiver,  the  vapours  com- 
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bincd  with  water,  consist  of  a  tolerably  strong 
nitric  acid  mixed  with  hyponitric  add,  and  may  be 
employed  for  various  purposes. 

Properties, — Oxalic  acid  forms  colourless,  odour- 
less, oblique  rhombic  prisms  or  needles,  soluble  in 
10  parts  of  cold  and  1  part  of  boiling  water,  also  in 
alcohol ;  the  solution  tastes  and  reacts  strongly  acid. 
Ilcated,  it  first  loses  2  at.  of  water  of  crystalliza- 
tion, and  then  passes  off,  mostly  undecomposed,  as 
white  pungent  vapours,  without  leaving  a  residue. 
That  prepared  from  salt  of  sorrel  always  contains  a 
little  potash,  which,  on  heating,  remams  behind  as 
carbonate ;  the  acid  combined  with  the  potash  is 
decomposed  into  carbonic  acid  and  carbonic  oxide, 
the  latter  being  evolved : — 

1  at.  KO  +  CaOy,  forms 
1  at.  KO  +  CO2  and  CO. 

Any  adhering  sulphuric  acid  is  detected,  on  solu- 
tion, by  giving,  with  nitrate  of  baryta,  a  white  preci- 
pitate of  sulphate  of  baryta,  insoluble  in  nitric  acid. 
Nitric  acid  is  readily  detected  by  the  smeU,  or  the 
solution  decolourising  a  solution  of  indigo.  Com- 
mercial acid  also  contains  iron,  in  which  case,  after 
supersaturating  with  ammonia,  hydrosulphuret  of 
ammonia  will  cause  a  black  and  tannin  a  violet 
precipitate.  No  lead  need  be  feared,  as  combined 
with  oxalic  acid  this  metal  is  entirely  insoluble, 
even  in  excess  of  the  acid. 
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Phosphoric  Acid, 

Formula  of  the  Fused  :  PgO.^  +  HO. 
Formula  of  the  Liquid  :  P^Og  +  xHO. 

Preparation  (a). — The  fused;  (Acidum  Phosphori- 
Cum  Glacial).     6  Parts  of  white  finely-powdered 
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bone  ash  are  gradually  added  to  5  parts  of  eon- 
centrated  sulphuric  acid  and  25  parts  of  water,  in  a 
leaden  yessel,  and  the  mixture  well  stirred  with  a 
porcelain  spatula ;  heat  is  then  applied  to  the 
Tessel,  and  maintained  for  a  day,  the  pasty  mass 
being  well  stirred  and  the  water  renewed  as  it 
evaporates.  As  much  water  as  was  used  to  dilute 
the  stdphuric  acid  is  now  added,  and  the  mass 
placed  on  a  strainer,  the  liqmd  being  returned  until 
it  runs  through  dear ;  when  no  more  liquid  drops, 
it  is  mixed  with  40  parts  of  water  and  strained, 
this  again  repeated,  &e  clear  liquors  mixed  and 
evaporated  in  the  leaden  vessel,  to  about  12  parts. 
After  24  hours'  rest,  the  liquid  in  this  vessel 
will  contain  a  quantity  of  a  &ie  silky  crystalline 
substance,  which  must  be  separated  through  linen, 
and  the  liquid,  diluted  with  34  parts  of  water, 
is  treated  with  caustic  ammonia  so  long  as  a  pre- 
cipitate is  formed.  8  Parts  of  Liq.  Ammonia, 
spec.  grav.  '960,  will  suffice.  The  white  precipi- 
tate, after  subsiding,  is  filtered  from  the  ammoniacal 
liquor,  and  the  latter  evaporated,  to  the  consistence 
of  syrup  in  a  leaden,  and  then  to  dryness  in  a 
porcelain  vessel ;  the  greyish-brown  salt  is  exposed 
in  a  Hessian,  or  better  in  a  platinum  crucible,  to  a 
gradually  increased  red  heat,  so  long  as  the  smell 
of  ammonia  is  evolved,  the  fused  mass  is  then 
-  poured  out  in  thin  stripes  on  a  sheet  of  brass,  or 
stone  slab  (previously  warmed).  So  soon  as  they 
are  solidified  enough,  the  strips  must  be  taken  up 
and  twisted ;  if  this  is  omitted,  they  adhere  so  fast 
that  after  completely  hardening,  it  requires  a  good 
deal  of  force  to  chip  them  off.  When  brittle,  it  is 
put  in  a  dry  bottle  and  well  closed.  The  yield  is 
about  one  part. 

(b)  The  liquid  ;'{Acid\xin.  Phosphoricimi  purmn 
liquidiun).  12  Parts  nitric  acid,  spec.  grav.  1*20, 
are  placed  in  a  retort,  which  they  must  only 
ooie-third  fill ;   one  part  of  phosphorus^  in  whole 
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Sticks,  is  then  introduced,  a  receiyer  fitted  without 
luting,  and  the  retort  heated  oyer  a  naked  fire,  or 
in  a  sand  bath,  until  the  whole  of  the  phosphorus 
is  acted  on.  The  fire  must  be  yery  carefully  regu- 
lated, and  slackened  so  soon  as  yellow  vapours 
appear  in  the  retort,  as  through  the  reaction  of 
the  acid  on  the  phosphorus  nearly  enough  heat 
is  generated,  and  if  this  become  too  strong,  some  of 
the  phosphorus  is  driyen  to  the  surface,  and  there 
igniting  is  yery  liable  to  caiuse  the  retort  to  crack. 
Another  eyil  in  heating  too  strongly  is,  that  much 
of  the  phosphorus  distils  oyer,  unacted  on,  with  the 
ycUow  fumes,  and  in  order  to  ayoid  this  loss,  the 
distillate  has  again  to  be  poured  into  the  retort. 
It  is  scarcely  possible  to  prevent  the  distillation  of 
some  phosphorus,  or  phosphorous  acid ;  but  by 
proper  caution  this  loss  may  be  reduced  to  a  mere 
trifle.  As  soon  as  no  more  phosphorus  is  to  be 
seen  in  the  retort,  the  contents  are  allowed  to  cool, 
then  poured  into  a  porcelain,  or,  still  better,  a 
platinum  vessel,  heated,  and  constantly  stirred  with 
a  platinum  or  glass  rod,  so  long  as  any  acid  fumes 
are  disengaged ;  the  syrupy  liquid  is  then  diluted 
with  distilled  water,  until  it  weighs  ten  times  as 
much  as  the  phosphorus  employed. 

The  method  usually  employed,  of  gradually  add- 
ing small  pieces  of  phosphorus  to  boiling  nitric 
acid,  is  not  only  very  tedious  but  entails  a  great 
loss  of  nitric  acid  and  phosphorus. 

Recapitulation  (a), — ^The  bones  consist  of  basic 
phosphate  of  lime  (3CaO  +  P2O5)  carbonate  of  lime 
and  gelatine.  By  heating  in  the  air,  the  gelatine  is 
destroyed  and  there  remains  a  greyish  white  mass, 
the  so  called  bone  earth  equalling  60  or  70  per  ct. 
of  the  bones  employed.  This  bone  earth  orc^arily 
contains  about  90  per  ct.  basic  phosphate  of  lime 
and  10  per  ct.  of  carbonate  of  lime  (including  minute 
portions  of  common  salt,  fluoride  of  calcium  and 
magnesia).     From  this  itie  sulphuric  acid  expels 
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the  carbonic  acid,  and  liberates  the  phosphoric 
acid,  whilst  combining  with  the  lime  it  forms  the 
slightly  soluble  sulphate  of  lime,  gypsum.  The 
supernatant  liquid,  howeyer,  is  not  pure  phosphoric 
acid,  but  acid  phosphate  of  lime ;  as  eyen  with  an 
excess  of  sulphuric  acid  a  certain  portion  of  phos- 
phoric acid  always  remains  combined  with  lime. 
If  we  consider  the  white  bone  earth,  as  is  ordinarily 
the  case,  to  consist  of  3  at.  basic  phosphate,  and  1 
at.  of  carbonate  of  lime,  we  require  10  atoms  of  sul- 
phuric acid  to  combine  with  all  the  lime  present. 

3  at.  3  CaO  +  P2O8,  1  at.  CaO  +  00,,  and 

10  at.  SOj  +  HO,  form 
10  at.  CaO,  +  SO3,  3  at.  P^Oj,  and  1  at.  CO,. 

6475  Parts  of  bone  earth  would  therefore  require 
6130  parts  of  sulphuric  acid ;  but  as  a  certain  por- 
tion of  lime  always  remains  combined  with  phos- 
phoric acid,  so  5  parts  of  acid  are  sufficient  for  6 
parts  of  bones.  The  acid  solution  also  contains  a 
portion  of  stdphate  of  lime  dissolyed,  which  by 
evaporation  and  crystallization  for  the  most  part 
separates  as  a  soft  gustening  silky  mass,  which  may 
be  removed  by  straining.  In  order  to  remove  the 
lime  in  solution  as  stdphate  as  well  as  that  com- 
bined with  phosphoric  acid,  the  liquid  again  diluted 
must  be  treated  with  anmionia.  By  this  means  the 
lime  is  precipitated,  not  free,  however,  but  as  basic 
phosphate,  which  causes  a  considerable  loss;  the 
precipitate  should  therefore  be  set  aside  and  again 
treated  with  sulphuric  acid  for  phosphoric  acid. 
Caustic  ammonia  is  more  convenient  than  carbonate, 
and  precipitates  the  lime  more  completely.  The 
precipitate  also  contains  all  the  magnesia  of  the 
bones,  as  ammonia  phosphate  of  magnesia.  The 
solution  which  contains  phosphate  and  a  little  sul- 
phate of  ammonia  is  evaporated  to  dryness,  and 
heated  to  redness  to  drive  off  the  ammonia  and  siQ- 
phuric  acid.    The  salt  must  not  be  put  into  the 
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crucible  all  at  once  as  it  effervesces  considerably* 
A  platinum  crucible  is  the  best,  it  must  not  how- 
ever come  in  contact  with  the  coals,  the  alkali  of  which 
would  attack  it,  but  be  placed  in  another  crucible 
(of  wrought  iron  or  clay) ;  the  space  between  the 
two  crucibles  may  be  filled  up  with  pure  silver  sand, 
chalk,  or  magnesia.  Care  must  be  taken  to  prevent 
any  pieces  of  coal  from  falling  into  the  crucible, 
which  should  be  well  covered  with  a  circular  plate 
of  iron,  as  the  carbon  would  reduce  the  phosphoric 
acid  to  phosphorus,  and  this  combining  with  the  pla- 
tinum would  render  it  brittle  and  faulty.  A  Hessian 
crucible  may  be  employed ;  but  the  acid  will  then 
become  contaminated  with  silica,  alumina  and  lime, 
and  this  may  occur  to  such  an  extent  that  on  cooling 
the  acid  has  a  cloudy  appearance,  from  the  silica^ 
which  then  separates.  A  silver  crucible  must 
never  be  employed,  as  it  is  readily  attacked  by 
fused  phosphoric  acid.  On  accoiuxt  of  the  precipi- 
tate with  ammonia  being  phosphate  of  lime,  Uie 
quantity  of  phosphoric  acid  obtained  is  only  half  that 
contained  in  the  bones,  and  which  calculation  would 
lead  us  to  expect.  The  acid  liquid  should  never,  as 
however  often  happens,  be  evaporated  to  dryness 
and  heated  to  rechiess  without  the  precipitation  by 
ammonia,  for  in  this  case  it  consists  of  nothing  but 
acid  phosphate  of  lime. 

(b)  Wlien  under  the  influence  of  heat  nitric  acid 
acts  on  phosphorus,  part  of  its  oxygen  converts 
the  latter  into  phosphoric  acid  with  evolution  of 
nitric  oxide,  which  absorbing  the  oxygen  of  the  at- 
mospheric air  in  the  retort  is  converted  into  hypo- 
nitric  acid,  causing  yellow  fumes. 

6  at.  P,  and  5  at.  NO5,  form 
3  at.  P2O5  and  5  at.  NO, ;  the  latter  with 
10  at.  0=6at.  NO4. 

The  action,  however,  is  not  quite  so  simple,  as  at  first 
phosphorous  acid  (F2Q3)  is  formed,  a  portion  of 
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ivliich  passes  into  the  receiyer  with  hjponitrie  and 
some  undecomposed  nitric  acid.  When  the  con- 
tents of  the  retort,  after  the  solution  of  the  phos- 
phorus, are  further  evaporated  (to  a  syrupy  consist- 
ence), the  whole  of  the  phosphorus  is  converted 
into  phosphoric  acid  by  the  nitric  acid  present. 
This  evaporation,  consequently  so  necessary,  is  best 
performed  in  a  platinum,  but  £uling  this,  in  a  porce- 
lain vessel :  the  latter  however  is  sure  to  be  attacked 
by  it.  The  nitric  acid  distilled  off  is  put  aside,  and 
after  being  brought  by  the  addition  of  strong  acid 
to  a  spec.  grav.  of  1*20,  is  employed  again  m  the 
preparation  of  phosphoric  acid. 

Properties  (a). — The  fused  phosphoric  acid  forms 
a  brittle  transparent  colourless  glass,  very  acid,  but 
not  corrosive  to  the  teste.  In  the  air  it  gradually 
attracts  moisture,  forming  a  syrupy  liquid.  In 
water  or  alcohol  it  should  be  readily  and  entirely  so- 
luble. If  opaque,  it  contains  nliea  and  ahtmtna  (from 
the  crucible),  and  is  not  entirely  soluble  in  water. 
When,  although  transparent,  it  is  not  entirely  solu- 
ble in  alcohol,  the  presence  of  Ume  or  a  trace  of 
ahanina  or  tilica  is  indicated,  the  phosphates  of  which 
are  insoluble  in  alcohol.  To  determine  whether  only 
lime  or  the  other  two  impurities  are  present,  it  is  al- 
lowed to  subside,  the  clear  solution  poured  oS^  and 
the  precipitate  treated  with  caustic  potash  solution ; 
should  it  dissolve  entirely  no  lime  is  present;  if 
however,  a  portion  remain  undissolved,  lime  and 
possibly  silica  and  alumina  are  contained ;  the  alka> 
line  solution  is  filtered,  supersaturated  with  hydro- 
chloric acid,  evaporated  to  dryness  in  a  porcelain 
dish,  and  dissolved  with  the  addition  of  some  dilute 
sulphuric  acid  in  water ;  if  a  gritty  harsh  white 
powder  remains  it  is  siHca,  and  on  supersaturating 
the  acid  solution  with  ammonia,  a  white  flocky  pre- 
cipitate indicates  alimiina.  By  evaporating  the 
liquid  supersaturated  with  hydrochloric  acid  to 
dryness,  Uie  silica  is  changed  into  the  insoluble 
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condition ;  but  as  in  tliis  process  a  porti<m  of  the 
alumina  also  is  rendered  insoluble,  a  little  dilute  sul- 
phuric acid,  which  does  not  affect  the  siUca,  is  ad- 
ded to  dissolve  it.  Ammonia  precipitates  the  alu- 
mina (in  this  case  as  phosphate)  combining  with 
the  sulphuric  acid.  K  sufficient  heat  has  not  been 
employed  to  drive  off  the  sulphuric  acid,  nitrate  of 
baryta  will  cause  a  precipitate  in  its  solution.  For 
the  same  reason  the  phosphoric  acid  may  contain 
ammonia,  which  is  detected  by  its  peculiar  odour  on 
the  supersaturation  by  caustic  potash.  Traces  of 
ammonia,  although  not  appreciable  by  the  smdl, 
may  be  detected  on  holding  a  glass  rod  moistened 
with  diluted  hydrochloric  acid  over  the  phosphoric 
acid  treated  with  the  caustic  potash ;  in  this  case  by 
the  combination  of  the  ammonia  with  the  hydro- 
chloric acid  white  fumes  of  sal  ammoniac  are 
formed.  Any  metallic  impurities,  as  copper^  tivff, 
tin,  arsenic,  may  be  detected,  the  first  by  ammonia, 
the  second  by  ferrocyanide  of  potassium,  the  third 
by  solution  of  gold  (vide  Acetic  Acid),  the  fourth  by 
sulphuretted  hydrogen  {vide  Hydroohlobic  Acid). 
The  arsenic,  which  exists  as  arsenious  acid,  anid 
arises  from  the  use  of  impure  sulphuric  acid,  must 
be  tested  for  with  great  care.  In  order  to  detect 
this  metal  it  is  not  sufficient  to  add  sulphuretted 
hydrogen  water  to  the  phosphoric  acid  solution,  as 
even  S  the  arsenic  is  present  in  a  considerable  quan- 
tity it  does  not  cause  an  instantaneous  yellow  pre- 
cipitate ;  but  a  stream  of  sulphuretted  hydr<^en 
gas  must  be  passed  through  the  acid.  The  yellow 
turbidity,  however,  does  not  always  appear  in- 
stantly. If  a  black  or  brown  precipitate  is  caused 
(copper  or  tin)  it  must  be  quickly  filtered,  more  gas 
passed  through  the  solution,  which  is  then  lightly  co- 
vered, and  set  aside  for  a  day.  If  even  after  gently 
warming,  it  gives  no  indication  of  a  yellow  precipitate 
of  sulphuret  of  arsenic,  but  at  the  most  a  slight  whi- 
tish turbidity  (from  the  sulphur  of  the  decomposed 
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sulphuretted  hydrogen)  the  phosphoric  acid  is  free 
from  arsenic.    The  absence  of  arsenic  in  phosphoric 
acid  can  never  be  determined  by  means  of  sulphuret- 
ted hydrogen  under  24  hours.  With  Marsh's  test  the 
results  are  more  speedy  (vide  Htdrochlobio  Acid). 
(b)  The   acid  prepared  from  phosphorus  is  an 
odourless,  colourless  liquid,  of  an  agreeable  but  in- 
tensely acid  taste,  and  a  spec.  gray,  ^i  1*160,  if  ten 
times  the  weight  of  the  phosphorus  employed.     Of 
this  density  it  contains  therefore  10  per  ct.  phos- 
phorus, or  23  per  ct.  of  phosphoric  acid,  and  77  per  ct. 
(nearly  25  at.)  of  water.    In  testing,  besides  the  im- 
purities enumerated  imder  ihe  glacuil,  viz.  /»m«,  tilica^ 
cUuminaf   sulphuric  acidf  and  arsenic,  the  following 
must  be  searched  for :  hydrochloric  acid  known  by 
its  white  curdy  precipitate  with  nitrate  of  silver ; 
nitric  acid,  if  the  phosphoric  acid  not  having  been 
evaporated  to  a  syrup  contains  phosphorous  acid, 
is    readily  detected  by  distilling  the    acid   for  a 
little  while,  when  brownish-yellow  fumes  will  be 
given  off,  and  the  contents  of  the  receiver,  besides 
tasting  acid,  will  decolourize  indigo  solution.    The 
brownish-yellow  fumes  are  due  to  the  action  of  the 
nitric  acid  on  the  phosphorous  acid :  should  however 
none  of  the  latter  be  present,  but  only  nitric  acid,  this 
is  evolved  in  white  vapours,  and  is  with  certainty  de- 
tected in  the  distillate.  Phosphorous  acid,  therefore, 
denotes,  either  that  an  insufficiency  of  nitric  acid  has 
been  used  for  oxidizing  the  phosphorus ;   or,  that 
it  has  not  been  evaporated  to  a  syrup  ;  or,  the  acid 
was   obtained  by  burning  the  phosphorus  in  the 
air;    it  is  detected  by  the  fumes  of  a  penetrating 
garlic  odour,  which  it  evolves  on  evaporation,  and 
by  the  phosphorescent  sparkling  so  soon  as   the 
residue  becomes  thick.     The  evolution  of  light  is 
owing  to  the  decomposition  of  phosphorous  acid, 
in   the  presence  of  water,    into  phosphoric   acid 
and  phosphuretted  hydrogen,  which  latter  sponta- 
neously inflames. 

i2 
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porous,  but  has  become  tough  and  pasty,  remains  in 
the  bottom  of  the  plate  ;  and  if  seyerid  portions  of 
phosphorus  haTe  to  be  operated  on,  the  Teasels  must 
be  rinsed  each  time  with  water  and  carefully  dried. 
The  anhydrous  phosphoric  acid  generally  weighs 
about  as  much  as  the  phosphorus  employed. 

BecapittUatUm, — ^The  combustion  of  the  phospho- 
rus results  from  its  combination  with  the  oxygen  of 
the  air  ;  it  forms  chiefly  phosphoric  acid,  that  passes 
off  in  thick  white  vapours,  which  in  cooling  precipi- 
tate as  snowy  flakes  ;  but  on  account  of  the  imper- 
fect access  of  oxygen  a  part  combines  with  proporr 
tionately  less  oxygen,  forming  oxide  of  phosphorus, 
which  covers  the  inner  wall  of  the  little  capsule  with 
a  red  coating.  The  white  flaky  mass  has  a  great  affi- 
nity for  moisture,  consequently  even  by  the  time  the 
process  is  finished,  that  portion  which  lies  next  the 
rim  of  the  plate  is  no  longer  anhydrous  but  hydrated 
phosphoric  acid,  known  by  its  tough  pasty  consist- 
ence, and  as  such  to  be  rejected.  On  account  of  this 
twofold  loss,  viz.,  hydrated  phosphoric  acid  and  oxide 
of  phosphorus,  the  produce  instead  of  9  from  4  of 
phosphorus  is  only  4  parts. 

That  which  remains  adhering  to  the  bell,  plate 
and  dish  may  be  rinsed  off  with  a  little  water,  and 
used  as  pure  phosphoric  acid.  For  this  purpose  the 
acid  rinse  water  is  mixed  with  six  times  as  much 
nitric  acid  as  the  weight  of  burnt  phosphorus  it  con- 
tains, and  treated  as  in  the  preparation  of  the  acid 
from  phosphorus. 

K  the  red  oxide  of  phosphorus  is  to  be  saved,  the 
acid  rinse  waters  must  be  filtered,  and  the  oxide, 
which  the  filter  retains,  washed  and  dried ;  it  is  not 
however  qidte  pure,  but  contains  small  portions  of 
phosphorus  mixed  with  it.  In  order  to  remove  this, 
the  oxide  is  spread  out  in  a  shallow  dish  and  placed 
in  a  moist  place,  as  the  cellar.  The  phosphorus 
gradually  attracting  oxygen,  forms  phosphorous  and 
phosphoric  acids :  these  absorb  moisture  and  cause 
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the  contents  of  the  dish  to  become  a  pasty  mass. 
The  oxide  of  phosphorus  remains  unaltmd  in  this 
process,  and  may  be  freed  from  the  acids  by 
washing. 

ProperttM. — ^The  anhydrous  phosphoric  acid  forms 
snow-white  porous  volatile  flakes,  excessively  hy- 
groscopic, which  by  absorbing  water  lose  their  vola- 
tility and  are  converted  into  a  touffh  mass.  A 
yellow  colorization  denotes  phosphoric  oxide.  If 
the  phosphorus  contained  arsenic,  arsenious  acid 
must  of  course  be  present,  and  is  determined  as 
directed  in  the  preceding  article. 


ACIDUM   STIBICUM. 

Antimonic  Actd,-^Antimomum  Diaphoreticum 
Ablutum  of  some  Pharmacopcnas. 

Formula:  Sb^Oj  +  HO. 

Preparation, — 4  Parts  of  powdered  metallic  anti- 
mony, and  10  parts  of  nitrate  of  potash,  are  inti- 
mately mixed  with  ^  part  of  powdered  charcoal, 
and  the  whole  injected  by  spoonfuls  into  a  red  hot 
Hessian  crucible.  When  the  deflagration  is  finished, 
the  crucible  is  exposed  for  half-an-hour  to  a  strong 
red  heat,  then  allowed  to  cool,  and  its  contents,  at 
least  as  much  as  can  be  separated  from  it,  powdered, 
and  together  with  the  crucible  (to  which  a  great  por- 
tion adheres  tenaciously),  boiled  with  water  in  a 
porcelain  or  leaden  vessel,  and  dilute  sulphuric  acid 
added  until  a  decidedly  acid  reaction  is  obtained ; 
this  requires  about  12  parts  of  dilute  acid.  The 
turbid  liquor,  after  separating  the  crucible,  is  al- 
lowed to  subside  in  a  wide  earthen  pot.  After 
standing  four-and-twenty  hours,  the  supernatant 
liquor  is  poured  ofi*,  fresh  water  added,  and  this 
washing    repeated    as    long    as    the   wash    liquor 
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sium ;  the  cooled  mass  is  treated  with  water,  and  the 
black  residue  (sulphuret  of  iron  or  lead)  well 
washed  and  digested  with  dilute  nitric  add.  From 
the  nitric  acid  solution  sulphate  of  soda  throws 
down  a  white  precipitate  if  lead  be  present ;  a  red 
colour  with  sulphocyanide  of  potassium  indicates 
iron.  If  oxide  of  antimony  is  present,  the  anti- 
monic  acid  yields,  by  digestion  with  bitartrate  of 
potash  and  water,  crystals  of  tartar  emetic,  after 
filtering  and  evaporating. 


ACIDUM    SUCCINICUM. 

Succinic  Acid, — SaU  of  Amber, 

Formula:    CiHjOs  +  HO^S  +  HO. 

PrepareUion,  (a) — The  common  officinal.  About 
half  fill  an  untubulated  retort  with  powdered  amber, 
place  it  in  a  sand  bath,  surrounding  it  as  much  as 
possible  with  sand;  attach  a  capacious  receiver, 
not  air  tight,  and  apply  a  continuous  moderate  fire, 
until  the  amber,  which  is  gradually  fused,  no  longer 
froths  up  or  gives  off  white  vapours.  The  receive 
must  be  cooled  by  a  constant  stream  of  cold  water. 
At  the  end  of  the  process  the  retort  is  broken,  the 
crystalline  mass  in  the  neck  of  it  is  dissolved,  then 
rinsed  into  the  receiver,  the  contents  of  which  are 
poured  into  a  narrow  cylindrical  vessel,  and  allowed 
to  remain  quiet  a  day  or  two,  imtil  the  oily 
portion  has  risen  to  the  suirface ;  it  is  then  skimmed 
off  with  a  little  cotton  wool,  the  lower  aqueous 
solution,  together  with  any  crystals  that  may  be  at 
the  bottom,  heated  in  a  porcelain  dish,  and  when  all  is 
dissolved,  filtered  and  crystallized.  The  mother  liquor 
is  evaporated  so  long  as  anything  separates.  The 
crystsJs  are  collected  on  doubled  filtering  paper,  and 
dried  with  a  gentle  heat. 


AdDUM  BUOCDnCUM •  97 

If  the  lesidEie  in  the  retort  is  not  wanted,  the 
yield  of  sncdnic  acid  may  be  doubled  by  prerionaly 
adding  to  the  powdered  amber  Ath  its  weight  of  con- 
centrated sulphuric  acid  diluted  with  a  like  weight 
of  water,  heating  in  an  earthen  or  iron  dish  untU  it 
becomes  of  a  dark  brown,  then  proceeding  as  before 
directed. 

(6)  ChemieaUy  pure.    6  Parts  of  common  succinic 
acid  are  rubbed  in  a  porcelain  dish  with  36  parts  of 
water,  and  crystallized  carbonate  of  soda  added  so 
long  as  it  causes  an  efferrescence,  (for  this  15 — 16 
parts  suffice),  the  solution  when  filtered  from  the 
oil  which  separates,  is  treated  with  8  parts  of  freshly- 
heated,    coarsely-powdered,    wood    charcoal,    and 
digested  in  a  glass  flask,  at  a  gentle  heat  for  24 
hours;  it  is  then  filtered,  the  clear  fluid  entirely 
precipitated  with  sugar  of  lead  (about   19  parts) 
allowed  to  subside,  the  supernatant  liquid,  which 
may  be  used  for  acetate   of  soda,  drawn  off,  the 
precipitate  well  washed    with  water    and    dried. 
Its  weight  wiQ  be  about   16  parts.    It  Ib  finely 
powdered  and  digested  for  2  days  with  a  gentle 
heat,  and  constant  stirring,  in  a  porcelain  or  leaden 
Tessel  with  -^  its  weight  (that  is  to  say,  16  parts  of 
precipitate  with  4|  parts)  of  concentrated  sulphuric 
acid,  preriously  mixed  with  twenty  parts  of  water ; 
the  liquid  filtered  off  it,  the  residue  well  washed 
with  water,  and  the  filtrates  eyaporated  in  a  porce- 
lain dish  to   crystallization,    llie  mother  liquors 
yield  more  acid  on  evaporation,  until  finally  they 
contain  little  else  than  sulphuric  acid.    The  crystals 
must  undergo  one  or  more  recrystallizations  to  free 
them  from  adhering  sulphuric  acid.    The  yield  will 
be  4|  parts. 

The  following  method  is  shorter  and  even  more 
conyenient.  6  Parts  of  common  acid  are  put  in  a 
porcelain  dish  with  3  parts  nitric  acid  spec.  gray. 
1*2,  and  9  parts  of  water,  and  eyaporated  to  dryness 
under  constant  stirring  with  a  porcelain  or  glass  rod ; 
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the  residue  is  brouglit  into  a  glass  flask  containing 
72  parts  of  water  and  3  parts  of  freshly-heated 
animal  charcoal  (purified  with  hydrochloric  acid), 
and  digested  several  hours  in  a  sand  bath :  it  is 
filtered  whilst  hot,  the  charcoal  washed  with  hot 
water,  and  the  filtrate  evaporated  to  crystallization. 
The  acid  is  at  once  obtained  pure  by  this  method^ 
which  yields  4^  parts>  for  6  of  common  acid. 

RecapitulaHon  (a). — ^The  succinic  acid  exists  in 
amber  partially  free,  the  remainder  being  combined 
with  lime,  or  what  amounts  to  the  same  thing,  as. 
bi-succinate  of  lime.  By  dry  distillation  of  the 
amber  the  acid  is  partially  sublimed ;  that  which 
is  combined  with  the  lime  is  decomposed,  together 
with  a  portion  of  the  resin,  by  the  action  of  the 
heat,  into  several  volatile  products,  as  water,  acetic 
acid,  empyreimiatic  oil,  carbonic  acid,  andcarburetted 
hydrogen ;  to  allow  the  gases  to  escape,  the  appar- 
atus must  not  be  put  together  air-tight,  the  Uquid 
products  remain  with  tiiie  succinic  acid  in  the 
receiver.  An  exact  formida  of  this  decompositioa 
can  scarcely  be  given,  the  process  being  influenced 
so  much  by  the  degree  of  heat  employed,  and  the 
time  of  its  continuance  ;  we  can  only  say  that  the 
elementary  constituents  (carbon,  hydrogen,  and 
oxygen)  become  differently  grouped.  The  portion 
remaining  in  the  retort  is  tixe  so-called  colophony  of 
amber  used  for  varnishes. 

By  using  sxdphuric  acid  this  combines  with  the 
lime,  and  liberates  the  succinic  acid,  which  is  almost 
entirely  volatilized  without  decomposition.  But 
what  is  gained  in  a  greater  yield  of  acid  is  lost  in 
another  way,  as  a  portion  of  sulphuric  acid  (which 
must  be  used  in  excess)  in  its  affinity  for  water, 
decomposes  a  portion  of  the  resin,  abstracting  from 
it  the  oxygen  and  hydrogen,  and  separating  the 
carbon,  thus  rendering  it  useless. 

(b,)  By  saturating  ih.e  common  succinic  acid  with 
carbonate  of  soda,  the  acid  of  the  latter  is  driven 
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off  with  the  formation  of  readily  soluble  succinate 
of  soda,  the  greater  part  of  the  empyreumatic  oil 
separating.  To  remove  the  last  traces  of  this  oil, 
the  solution  is  shaken  with  freshly-prepared  charcoal, 
which  removes  all  the  smell  and  most  of  its  colour. 
If,  instead  of  freshly-heated  charcoal,  the  common 
is  used,  it  will  have  scarcely  any  action,  its  pores 
being  already  filled  with  air  and  water ;  the  effect 
of  heating  is  to  drive  out  these,  and  render  the 
pores  susceptible  of  taking  up  colouring  and  odour- 
izing  principles.  In  order  to  free  the  acid  from 
soda  it  must  first  be  combined  with  lead ;  by  usina 
acetate  of  lead,  insoluble  succinate  of  lead  and 
soluble  acetate  of  soda  are  formed : — 

1  at.  NaO  +  S  and  1  at.  PbO  +  A,  form 
1  at.  NaO  +  A  and  1  at.  PbO  +  8. 

1  At. » 2019  Succinate  of  lead  requires  1  at.*- 613 
of  hydrated  sulphiuic  acid,  or  10  parts — 3  parts,  for 
its  entire  decomposition. 

When  common  succinic  acid  is  heated  with 
nitric  acid,  the  empyreumatic  oil  is  decomposed  by 
the  action  of  a  portion  of  the  oxygen  of  ^e  nitric 
acid  ;  hyponitric  acid  is  evolved,  and  odourless  but 
slightly  yellow  succinic  acid  remains.  To  decolour- 
ize it,  digest  with  freshly-heated  animal  charcoal, 
which  must  previously  have  been  deprived  of  all  lime 
by  hydrochloric  acid,  otherwise  the  preparation  will 
be  contaminated  with  it.  Wood  charcoal  must  not 
be  used,  as  the  succinic  acid  would  abstract  the 
potash  and  lime  ;  with  succinate  of  soda  there  is  no 
fear  of  this. 

Properties, — The  common  succinic  acid  (for  medi- 
cinal purposes)  forms  yellowish  scales  and  needle- 
formed  crystals,  smelling  and  tasting  of  oil  of  amber ; 
the  purified  appears  as  white  prisms,  odourless,  and 
faintly  acid  to  the  taste.     They  dissolve  in  25  parts 

of  cold  and  2  parts  of  hot  water,  in  3  parts  of  cold 
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and  1}  of  hot  alcohol  of  80  per  ct. ;  the  solutions 
have  an  acid  reaction.  Heated  it  melts  and  yola- 
tilizes  ^dthout  decomposition,  forming  white  yapours 
which  excite  coughing ;  the  common  acid  leaves  a 
trace  of  charcoal,  from  the  empyreumatic  oil.  An 
appreciable  residue  indicates  an  intentional  admix- 
ture, and  may  be  of  the  most  opposite  kinds :  for 
instance,  tartaric,  citric^  or  boracic  acid,  sulphate  of 
potash,  sugar,  cream  of  tartar,  &c.,  or  it  may  be  some 
substance  which  yolatilizes  with  the  succinic  acid, 
as  muriate  of  ammonia,  or  oxalic  acid.  Should  the 
succinic  acid  evolve  ammoniacal  fumes  on  rubbing 
with  caustic  potash,  and  its  solution  giye  a  curdy 
precipitate  with  nitrate  of  silver,  insoluble  in  nitric 
acid,  muriate  of  ammonia  is  present ;  oxalic  acid  is 
known  by  the  white  precipitate  of  oxalate  of  lime 
caused  in  the  solution  by  chloride  of  calcium ;  sul- 
phuric or  nitric  acids  which  may  have  volatilized 
with  the  succinic  acid,  are  to  be  detected,  the  first 
by  its  white  insoluble  precipitate  of  sulphate  of 
baryta  with  a  baryta  salt ;  the  latter  from  its  destroy- 
ing the  blue  colour  of  indigo  solution.  If  the 
succinic  acid  leaves  a  voluminous  carbonaceous 
residue  that  does  not  effervesce  with  an  acid,  the 
adulteration  may  be  citric  acid,  tartaric  acid,  or 
sugar.  If  on  saturating  a  portion  of  the  succinic 
acid  with  lime  water,  a  precipitate  is  formed  soluble 
in  muriate  of  ammonia,  the  impurity  is  tartaric  acid, 
which  forms  tartrate  of  lime,  that  is  readily  soluble 
in  sal  ammoniac.  If  lime  water,  though  giving  no 
precipitate  in  the  cold  causes  one  when  heated,  it  is 
citric  acid,  the  lime  salt  of  which  is  more  soluble  in 
cold  than  in  hot  water.  If  lime  water  causes  no 
change,  but  the  aqueous  solution  has  a  sweet  taste, 
sugar  is  present.  Effervescence  on  applying  an  acid 
to  the  residue  after  burning  shows  that  cream  of 
tartar  is  present,  which  by  heating  forms  car- 
bonate of  potash.  A  white  residue,  soluble  in  spirit, 
which  then  bums  with  a  greenish  flame,  is  boracic 


acid  ;  insoluble  in  alcuhol,  but  soluble  in  vittCT,  and 
cauaing  a  dense  white  precipitate  -vrith  a  baryta  salt 
insoluble  in  ntida,  ia  sulphate  of  potash. 

»ACIDUM  SULPHURICUM  PURUM.       , 
Pure  Rectified  Sulphuric  Acid.  M 

Fqbkbla:  2SOj+3HO,  J 

Prrparation. — A  convenient  quantity,  not  more 
than  9  pounds,  of  coocentrsted  English  Bulphuric 
acid  (which  is  only  manufactured  commercially)  is 
poured  into  a  retort,  not  tubulated,  with  a  broad 
short  neck,  large  enough  to  contain  tliree  timta  the 
quantity.  A  thick  spiral  platinum  wire  is  then  in- 
trodufta  together  with  a  ^  pcT  ct.  of  the  acid  used, 
of  finely  powdered  sulphate  of  ammonia,  the  retort 
ii  placed  in  a  ccmt  iron  pot  on  a.  ihin  hiycr  of  sand 
with  whicb  it  is  then  surrounded  (the  retort  ought 
nearly  to  fill  the  pot  so  that  the  layer  of  sand  ia 
very  tbin),  a  cap  of  aheet  iron  is  placed  oyer  it,  and 
the  neck  dips  into  a  lorge  glass  globe  (flask)  without 
any  luting,  a  thick  platijium  «-iro  bfing  luid  between 
tlie  neck  of  tbe  retort  and  the  receiTer  to  prerent 
the  glass  from  mting  on  glass.  Th«  apparatus 
thus  arranged  is  heated,  at  Gtst  gently,  and  then 
gradually  increased  until  the  bottom  of  the  sand  pot 
becomes  slightly  red ;  the  receiver  must  be  cooled 
witb  a  plentiiiil  streaui  of  water.  As  aooii  as  the 
add  Ixnls  and  about  one-sixth  has  passed  over,  the 
rec^TCT  U  changed,  the  acid  imw  coming  over  pure. 
The  distillstioa  must  be  stopped  when  about  1  of 
the  odd  are  in  the  receiver.  Suppose  everything  to 
hare  gone  on  properly,  »e  may  calculate  on  6 
pounds  distilling  over  in.  6  hours  after  the  acid  be- 
gins to  boiL 

Bee^rUulatioH. — Commercial  acid  always  contains 
jtnpnririwi  wbicli  though  in  numy  instances  of  t^ 
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importance,  yet  for  special  uses  require  remoTing ; 
hence  the  distillation.  If  no  more  than  f  are  d^ 
tilled,  the  residue  contains  almost  all  these,  with 
the  exception  of  sulphurous  acid  either  present  in 
the  sulphuric  acid  or  formed  from  its  deoxidation 
when  heated,  hj  the  carbonaceous  matter  present, 
and  passing  over  below  the  boiling  temperature  of 
the  acid,  is,  by  changing  the  receiver  at  this  point, 
entirely  got  rid  of ;  before  doing  this  it  is  better  to 
wait  until  about  one-sixth 'has  distilled  oft,  as  this 
first  portion  will  contain  any  water  that'  is  present ; 
and  the  pure  acid  be  stronger.  If  the  acid  contains 
nitrogenizcd  compounds,  and  this  is  frequently  the 
case,  these  combined  with  sulphuric  acid  pass  oyer 
with  it  in  the  distillation  and  must  be  decomposed ; 
for  this  purpose  the  addition  of  sulphate  of  ammo- 
nia is  prescribed.  This  salt  when  warmed  with  a 
great  excess  of  sxdphuric  acid  is  decomposed  in  the 
presence  of  nitric  oxide  or  other  oxides  of  nitrogen, 
into  free  sxdphuric  acid,  water,  and  nitrogen  gas. 
With  nitric  oxide  the  foUowing  takes  place  : 

2  at.  NH4O  +  SO3  and  3  at.  NOg,  form 
2  at.  SO3,  8  HO  and  3  at.  N. 

Nitric  acid  giyes  these  results ; 

6  at.  NH4O  +  SO3  and  3  at.  NO5,  form 
6  at.  SO3,  20  at.  HO,  and  3  at.  N. 

The  nitrogen  gas  is  of  course  given  off  at  the  com- 
mencement of  the  operation.  The  quantity  of  ni- 
trogenizcd principles  present  is  always  small,  and 
consequently  only  a  minute  portion  of  sulphate  of 
ammonia  is  requisite.  The  coil  of  platinum  wire  by 
rapidly  conducting  the  heat  from  below  to  the  sur- 
face, causes  the  boiling  to  proceed  steadily ;  without 
this  precaution  the  ebullition  goes  on  irregularly 
from  a  quantity  of  vapour  being  suddenly  formed, 
and  not  only  renders  it  probable  that  a  portion  of 
the  contents  of  the  retort  will  jerk  over,  but  that  the 


i«ceiTm  (Mm  coming  in  ttctual  contact  with 
b  beak  of  the  retort  and  endangering  the  frac- 
'  the  latter.  Neverthaless  it  frequantl;  hap- 
lat  doling  the  distillELtion  oae  piece  of  glon 
[lother  cntclu  from  the  beak  of  Uie  retort  and 
to  the  receiver ;  this  howerer  ia  not  generally 
ot  to  neceasitate  the  process  bring  stopped 
a  occuTB  moat  frequenUf  in  winter,  the  sum. 
lonld  if  practicable  be  ohoaen  for  the  pn>< 

rendnal  oontentti  of  the  retort  are  almost 

turbid  fiom  the  presence  of  a  white  floccnlent 
tate,  not  of  aulphate  of  lead,  but  neutral  per- 
te  of  iron  ;  when  these  impurities  are  not  of 
Hence,  this  residue  may  be  employed,  as  in 
paration  of  nitric  acid,  &c.  It  is  not  advis- 
ten  when  the  retort  is  apparently  sound  tq 
■  it  a  second  time  for  the  same  purpose,  as  jt 

becomes   to   a  certain   extent   rotten  and 

certain  to  break. 

«rtuw. — The  sulphuric  acid  obtained  as  above, 
wsparcnt  odourless  fluid  of  an  oily  consist- 
nd  excessively  sour  and  ctsroaive.  Its  spec. 
f  the  receiver  was  changed  jnsl  as  it  began  to 
not  changed  at  all,  will  be  lower  then  that 
Uy  t^en,  and  seldom  exceeds  1-800,  a  weak, 
ssing  over  first,  the  stronger  coming  over  after- 
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its  contents  will  mostly  crystallize  at  a  few  degrees 
oyer  32**  Fah.  In  tlus  readily  crystallizable  con- 
dition the  acid  contains  2  at.  of  water.  If  iram  |  to 
^  is  allowed  to  distil  before  the  receiyer  is  changed 
the  acid  will  be  found  to  have  a  spec.  gray,  of  1*852 
and  is  the  simple  hydrate^SOs  +  HO. 

The  impurities  generally  found  in  sulphuric  add, 
are  organic  meUter,  from  dust  falling  into  it,  known 
by  the  brown  colour  imparted ;  the  reason  of  this 
brown,  or,  with  many  organic  substances,  black 
discolouration,  is  the  separation  of  carbon  owing  to 
the  affinity  of  the  sidphuric  acid  for  water  and  its 
abstraction  of  their  oxygen  and  hydrogen  in  such 
proportions  as  form  it.  If  the  organic  substance 
does  not  contain  oxygen  enough,  a  portion  of  the 
sulphuric  acid  becomes  decomposed  into  sulphurous 
acid  and  oxygen.  Generally,  howeyer,  the  sul- 
phurous acid  passes  off  during  the  distillation  (vide 
euprd)  ;  it  is  known  by  its  peculiar  odour  of  burn- 
ing sulphur ;  and  may  be  yet  more  accurately  de- 
termined by  the  milky  turbidity  which  sulphuretted 
hydrogen  immediately  causes  in  the  dUute  sulphuric 
acid,  and  which  is  not  again  taken  up  by  a  solution 
of  carbonate  of  ammonia  {vide  Acid.  Acet.)  Ane- 
nioue  acid  arising  from  the  employment  of  sidphur 
containing  arsenic  is  one  of  the  commonest  impurities: 
it  is  known  by  the  lemon-yellow  precipitate  of  sul- 
phuret  of  arsenic  caused  in  the  dilute  sulphuric  acid 
by  sulphuretted  hydrogen,  and  readUy  dissolying  in 
carbonate  of  ammonia.  This  reaction  occurs  with 
dilute  acid  containing  but  small  traces  only  aft^ 
the  gas  has  been  for  some  time  in  contact ;  thus  the 
necessity,  if  no  tiirbidity  is  immediately  caused^  of 
setting  aside  for  12-:-24  hours.  The  smallest  trace 
of  arsenic  is  detected  by  means  of  Marsh's  appa- 
ratus, {vide  Hydkochlokio  Acid).  If  on  diluting 
the  sulphuric  acid  with  water,  or  still  better,  with 
alcohol,  a  red  powder  precipitates,  it  is  eelenutm^ 
which,  occurring  also  in  sulphur  is  thus  found  in 
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■n^hniic  acid.  Should  ralphiiTetted  hydxo^eD. 
cause  a  black  piecqiitate  or  bfown  diaooloantiaB 
it  indicates  oxide  of  lead,  arising  from  the  use 
of  leaden  tcss^  ;  the  ^ecipitate  is  more  eertaim 
if  the  acid  be  pferioosly  almost  neatralixed  by 
ammonia.  Oxide  of  fm,  the  leaden  chambers  being 
fastened  with  a  solder  containing  this  metal,  is  pte- 
sent  when  the  snlphnretted  hydrogen  ptwipilate 
digested  with  hydrosolphate  of  ammonia  and  il- 
tered,  then  erapOTated  to  dryness  and  heated  to  red- 
ness, leayes  a  white  residue.  Hydrosulphate  of 
ammonia  dissoWes  the  snlphuret  of  tis,  leaTiag  the 
sulphuret  of  lead;  by  erapontioB  the  solfcnt  of 
the  former  is  remoTed  and  by  heating  to  redness  in 
the  air  the  sulphuret  of  tin  is  conrerted  into  sul- 
phurous acid  that  is  giren  oil^  and  non-Tolatile  oxide 
of  tin.  Oxide  of  iron,  from  the  materials  containing 
iron,  is  known  by  the  dilute  acid  almost  neutralized 
with  ammoftia,  giving  a  blue  prec^ntate  of  Prussian 
blue  with  ferrocyanide  of  potassium  {tide  Acme 
Acid)  ;  the  ammonia  added  in  excess  causes  a  brown 
flocculent  precipitate  of  hydrated  oxide  of  iron.  If 
on  the  excess  of  ammonia  being  added  an  almost 
colourless  precipitate  occurs,  mhamimei  may  be 
present ;  this  is  determined  by  shaking  the  precipi- 
tate with  solution  of  caustic  potassa,  in  which  alu- 
mina is  soluble  and  oxide  of  iron  insoluble,  filtering 
and  adding  to  the  filtrate  a  solution  of  sal  ammoniac, 
which  after  a  short  time  causes  a  turbidity;  the 
potash  decomposes  the  muriate  of  ammonia,  chloride 
of  potassium  is  formed,  ammonia  liberated,  and  the 
solyent  of  the  alumina  being  saturated  the  latter  is 
precipitated.  If  after  the  sulphuric  acid  has  been 
treated  with  excess  of  anmionia,  oxalate  of  ammonia 
should  cause  a  white  precipitate,  lime  is  present. 
To  determine  the  fixed  impurities  it  is,  howerer,  bet- 
ter to  eraporate  about  \  an  ounce  of  acid  to  dryness 
in  a  platinum  crucible.  Sometimes  the  preriously 
mentioned  compound  of  sulphuric  acid  and  nttrie 
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oxide  formed  in  the  lead  chambers  remains  dissolYed 
in  the  acid ;  to  detect  this,  place  a  crystal  of  sul- 
phate of  iron  in  the  acid,  and  it  will  after  a  short 
time  be  surrounded  by  a  brown  layer.  This  brown 
colour  arises  from  the  decomposition  of  the  com- 
poimd  of  sulphuric  acid  and  nitric  oxide  and  the 
absorption  of  the  latter  by  the  salt  of  iron.  If  the 
test  is  allowed  to  remain  longer  or  is  heated,  the 
colour  again  disappears  owing  to  the  protosalt  of 
iron  being  converted  into  a  persalt  and  nitrous  oxide 
passing  off. 

Additional  remarks, — A  mixture  of  1  part  of  con- 
centrated sulphuric  acid  and  5  parts  of  water  fbtrms 
a  dilute  acid  of  a  spec.  gray,  of  1*25. 


ACIDUM   SULPHUROSUM. 

Spiritus  Sulphur  is, — Spirit  of  Sulphur, "^Su^hurous 

Add, 

Formula:  SOa  +  xHO. 

Preparation, — The  same  apparatus  is  employed 
as  for  sulphuretted  hydrogen.  In  the  flask  (a)  1 
part  of  freshly  heated,  coarsely  powdered  wood 
charcoal,  and  8  parts  of  concentrated  sidphuric 
acid,  in  the  bottle  (6)  some  water  to  wash  the  gas, 
and  in  the  bottle  (e)  36  parts  of  distilled  water 
are  placed.  The  flask  is  best  heated  in  a  sand  bath, 
and  this  continued  as  long  as  gas  is  evolyed.  On 
this  ceasing,  the  bottle  (c),  now  containing  40  parts, 
is  closed  with  a  glass  stopper. 

Becapitulation, — In  the  cold,  carbon  and  sul- 
phuric acid  have  little  action  on  each  other;  on 
heating  the  mixture,  however,  the  carbon  abstracts 
from  the  acid  1  at.  of  oxygen,  forming  carbonic 
oxide,  which,  together  with  the  sulphurous  acid 
formed,  is  evolved. 


ACIDVM  SXTLPHiniOflini.  lOT 

1  at.  C,  and  1  at.  SO3,  form 
1  at.  CO,  and  1  at.  SO^ 

75  Parts  of  pure  carbon  require  613  parts  of  hy- 
drated  sulphuric  acid  (SO3  +  HO),  or  1  part  to  8. 
The  wood  charcoal  employed  is  certainly  not  pure, 
but  contains  seyeral  per  ct.  of  mineral  substances, 
together  -with  some  hydrogen ;  against  this,  how- 
ever, is  to  be  noted,  that  commercial  sulphuric  acid 
always  contains  more  than  1  at.  of  water,  which, 
with  1  part  of  charcoal  to  8  of  acid,  leaves  an  ex- 
cess of  the  former.  A  little  sulphuric  acid  un- 
avoidably passes  over  undecomposed,  and  this  is 
condensed  in  the  wash-bottle  (6).  Only  a  very 
small  quantity  of  the  carbonic  oxide  remains  to  con- 
taminate the  sulphurous  acid,  for,  being  with  diffi- 
culty dissolved  in  water,  it  nearly  all  passes  into  the 
air.  In  spite  of  the  excess  of  carbon,  a  little  carbonic 
acid  is  formed,  which  also  escapes  with  the  car- 
bonic oxide. 

Properties, — Sulphiirous  acid,  dissolved  in  water, 
is  a  colourless  liquid,  of  the  same  suffocating  smell 
and  taste  as  is  occasioned  by  burning  sulphur.  It 
bleaches  litmus  paper  ;  if,  however,  this  is  immedi- 
ately treated  with  ammonia,  the  blue  colour  re- 
turns ;  but  if  allowed  to  remain  long  in  contact 
this  is  not  the  case,— the  colouring  matter  is  de- 
stroyed. The  acid  prepared  as  above  has  a  spec, 
grav.  of  I '030,  containing  -^  its  weight  of  aiJiy- 
drous  acid.  Its  most  common  impurity,  but  one  of 
no  consequence  in  many  cases,  is  sulphuric  acid ; 
this  arises  from  its  absorbing  oxygen  from  the  air, 
and  may  be  detected  by  the  precipitate  with  baryta 
salts,  insoluble  in  acids. 
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ACroUM  SUPERCHLOMCUM. 
Percklorie  Acid, — OryMorie  Acid. 

Fosmuul:  C10,  +  zH0. 

Prtpanxticm. — To  5  parts  of  perchlorate  of  potash 
add  10  parts  of  concentrated  sulphuric  add  and  2 
of  water,  in  a  retort  irbich  must  only  be  \  fall ; 
place  it  in  a  sand  bath,  connect  a  receiver  without 
luting,  and  gently  warm,  keeping  the  receiTer  cooL 
On  first  heating,  the  mixture  farms  a  dear  liquid, 
then,  with  the  exdution  of  white  fumes,  a  t^ir>'«h 
saline  mass  is  formed,  which  continually  froths  up, 
and  gives  out  an  odour  resembling  chlorine ;  .at 
length  it  again  fuses  to  a  dear  liquid,  and  ■  the 
apparatus  is  then  allowed  to  cooL  The  receiver, 
which  will  contain  nearly  ^  parts,  is  now  placed 
in  a  sand  bath  and  wanned  for  a  short  time,  until 
all  smell  of  chlorine  is  lost ;  the  small  quantity  of 
hydrochloric  add  it  contains  is  precipitated  with 
sulphate  of  silver,  about  10  grains  to  8^  oz.  of  dis- 
tillate ;  this,  with  the  sulphuric  acid  that  has  dis- 
tilled over,  is  thrown  down  with  carbonate  of 
baryta  (about  3  drachms  to  Z\  ounces  of  distillate) ; 
the  precipitate  filtered  and  washed.  The  filtrate, 
togedier  with  the  wash- water,  is  then  poured  into 
a  previously- cleansed  retort,  and  gently  heated 
(taking  care  it  does  not  boil)  in  a  sand  bath,  until 
the  vapours  passing  off  redden  litmus  paper ;  then 
attach  a  receiver,  and  distil  almost  to  dryness. 
When  most  of  the  acid  has  gone  over,  the  residue 
acquires  a  yellow  colour  and  smell  of  chlorine. 
The  distillate  is  freed  from  adherent  chlorine  by 
gently  warming,  and  preserved  in  a  glass-stoppered 
bottle.     Its  weight  will  be  about  2^. 

Recapitulation, — When  perchlorate  of  potash  is 
warmed  with  sulphuric  add,  the  perchloric  add 
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separates  from  the  potash  and  volatilizes,  bisulphate 
of  potash  remaining. 

1  at.  KO  +  aO„  and  2  at.  SO3  +  HO, 

form 
1  at.  KO  +  SO3,  HO  +  SO3,  and  1  at. 

ao^+HO. 

1 733  Parts  of  perchlorate  of  potash  would  require 
only  1226  parts  of  sulphuric  acid,  but  in  order  to 
decompose  all  the  salt,  a  considerable  excess  of 
acid  is  necessary.  From  this,  however,  occurs  an 
unavoidable  evil,  viz.  that  the  greater  quantity  (ac- 
cording to  my  own  experiments  four-fifths)  of  the 
liberated  perchloric  acid  (obviously  on  account  of 
the  high  temperatiire  the  mass  acquires)  is  decom- 
posed into  chlorine  and  oxygen,  which,  passing  out 
of  the  apparatus,  prevent  &e  use  of  luting.  A 
small  portion  of  chlorine  together  with  free  sul- 
phuric acid  that  has  passed  over  are  foimd  in  the 
distillate;  the  former  is  removed  by  the  silver 
salt,  the  latter  with  carbonate  of  baryta.  Of 
course  these  precipitants  must  not  be  added  in  too 
large  quantities.  The  precipitates  must  be  re- 
moved by  filtration,  otherwise  the  distillate  will  be 
rendered  milky  from  the  bumping  over  which  they 
cause.  The  distillation  answers  two  purposes, — 
both  to  separate  any  excess  of  silver  or  baryta 
which  remain  behind,  and  also  to  concentrate  the 
acid  by  removing  the  wash- water  with  which  it 
wais  diluted.  Pure  water  passes  over,  luitil  the 
acid  has  acquired  a  spec.  grav.  of  1*224,  when  the 
latter  begins  to  distil,  at  first  as  a  weak  acid,  but 
gradually  becoming  more  concentrated,  tmtil  at 
length  it  is  only  a  monohydrate,  which  is  deposited 
as  a  thin  crust  in  the  cool  part  of  the  retort  neck  ; 
this,  however,  rapidly  absorbs  water  and  dissolves. 
As  the  acid  becomes  concentrated  the  temperature 
naturally  rises,  and  causes  a  portion  of  the  acid  to 
decompose  into  chlorine  and  oxygen,  so  that  this 

I4 
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rectified  distillate  is  not  obtained  quite  free  from 
chlorine.  When,  however,  it  has  been  gently 
warmed,  nitrate  of  silver  gives  scarcely  a  trace  of 
hydrochloric  acid.  To  obtain  the  acid  perfectly 
free  from  hydrochloric  acid,  it  is  advisable  to  change 
the  receiver  when  about  }  have  distilled. 

Properties, — Acid  prepalred  as  above  is  a  trans- 
parent, odourless  liquid,  of  a  strong  but  agreeable 
acid,  and  afterwards  sweetish  taste.  It  powerfully 
reddens  litmus  paper,  without  bleaching  it.  Its 
spec.  grav.  is  1*224,  containing  28  per  ct.  of  an- 
hydrous acid.  Of  a  spec.  grav.  of  1*120  it  contains 
19,  and  1*180  24  perct.  Neither  nitrate  of  silver 
nor  nitrate  of  baryta  causes  cuiy  precipitate  in  it. 
Heated,  it  is  entirely  volatile. 


ACIDUM  TANNICUM. 

Tannin, — Tannic  Acid* 

Fo&mt7La:  CigHgOij* 

Preparation. — A  convenient  quantity  of  finely- 
powdered  galls  is  put  into  a  wide-necked  bottle, 
and  ether  poured  on,  sufficient  to  saturate  them 
and  leave  a  layer,  about  \  an  inch  deep,  on  the 
surface;  (about  3  the  weight  of  the  gfjls  is  ne- 
cessary). The  bottle  is  well  closed,  frequently 
shaken,  and  allowed  to  digest  2  days,  at  Ihe 
ordinary  temperature.  A  fine  linen  cloth  is  then 
strained  over  a  broad  porcelain  dish,  and  the  mass 
poured  on  it,  when  a  clear  greenish-yellow  syrup 
instantly  passes  through,  which  consists  of  a  con- 
centrated solution  of  tannin.  To  obtain  the  whole 
of  it,  the  cloth  must  be  tied  up  and  strongly 
squeezed  in  a  wooden  press;  the  dry  powder  is 
again  twice  treated  wiUx  the    same    quantity  of 
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ether,  the  porcelain  dish  containing  the  three  solu- 
tions is  very  gently  warmed,*  and  its  contents, 
constantly  stirred  with  a  glass  rod,  thoroughly 
dried.  During  the  second  and  third  digestion  it 
is  well  to  fold  up  the  straining  cloth  and  put  it  in 
the  bottle ;  by  tMs  means  it  retains  its  flexibility. 
Gall  nuts,  even  when  apparently  equally  good, 
vary  much  in  their  yield,  which  I  have  never 
found  the  same  from  two  portions.  From  24  parts 
of  galls,  my  experiments  range  between  6  and  12 
parts. 

Mecapitulation, — ^Tannin  exists  in  the  gall  nut 
free,  the  previously-described  process  is  simply 
dissolving  it,  and  freeing  it  from  its  solvent  by 
evaporation.  Ether  is  employed  instead  of  alcohol 
or  water,  because  it  takes  up  only  the  pure  tannin, 
leaving  the  extractive  matter  of  the  galls  intactl 
Commercial  ether  (containing  alcohol  and  water) 
serves  best  for  this  process,  as  the  purer  the  ether 
the  slighter  is  its  solvent  power  over  the  tannin. 
The  ether  employed  is  not  collected,t  as  to  re- 
obtain  it  by  distillation  is  difficult,  and  injurious  to 
the  product.  On  this  ground  I  do  not  consider  a 
fourth  digestion  advisable,  as  the  ether  employed 
would  be  more  valuable  than  the  tannin  pro- 
curable. 

Properties, — Pure  tannin,  when  dried,  forms  a 
resinous  imcrystalline  mass,  which  rubs  to  a  pale, 
greenish-yellow,  odourless  powder,  stable  in  the 
air,  having  a  strongly  astringent  taste,  and  power- 
fully reddening  litmus  paper.  Water,  as  well  as 
hydrated  alcohol  and  ether,  readily  dissolve  it ;  ab- 
solute alcohol  and  ether  take  up  but  little  of  it.  As 
a  fluid  reagent,  it  must  be  kept  in  spirit,  not  water, 

*  The  beat  may  be  obtained  by  placing  on  a  vessel  of  warm, 
water ;  there  must  be  no  fire  or  name  of  any  kind  in  the  room. 

t  From  the  high  price  of  ether  in  Eiu;land  it  is  better  to  distil 
St  a  very  gentle  temperature,  and  im  the  decomposition  of  a 
small  portion  of  tannin ;  percolation  is  also  a  preferable  method 
of  extraction  to  the  one  above  given. 
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f^'«2'*''^^'^*'<^> — liF'irr:^  jcptxrriSed^utar  are  placed 
ia  a  WiMJLeii  vc!$&«L  wtCL  '5U  ?iir&»  o£  water,  lieated  to 
boiling.  :&3.d  by'inre  jt  liaxe  aided  by  spoonfiils 
until  the  ;icid  rvuccu.*ii  hm»  visappeorvd.  2^  Parts 
of  hvdRite  ox  lisie  will  ^KL^ce.  Tbe  mixture  must 
be  wVU  scirr^  d'.;rt::^  ihts  w!ioIie  ome  it  is  heated 
to  prevent  drtv  ot'  the  sah  socking  to  tibe  bottom, 
which  would  caude  the  lead  to  fa:fe.  To  the  turbid 
liquor,  without  contLuuixu;  the  heat,  is  added  a  readj 
prepared  solutiou  of  4  parts  o^  fdsed  chloride  of 
calcium  in  12  parts  of  water;  the  whole  of  the 
mixture  is  poun^  into  an  iron  pot,  or  if  the  quantity 
be  large,  into  a  wooden  vat,  and  allowed  to  subeide 
for  two  days.  The  supernatant  clear  liquor  is  drawn 
off,  and  the  pulverulent  residue  washed  with  water 
until  the  latter  acquires  no  further  taste  ;  the 
precipitate  is  then  collected  on  a  linen  strainer, 
pressed  and  dried.  Its  weight  is  about  16  parts. 
16  Parts  of  this  well-dried  residue  (tartrate  of  lime) 
with  a  mixture  of  6  parts  concentrated  sulphuric 
acid  and  54  of  water,  are  placed  in  a  leaden  vessel 
and  frequently  stirred  whilst  digesting  at  a  moder- 
a|4HtaBa  temperature  for  2  days,  the  water  which 
y^  ^^^S  being  replaced  to  keep  the  whole  of  an 
/^  ^Vj*    '^^^  mass  is  now  collected  in  a  linen 

X  Bf^  pressed  and  washed  imtil  the  water 

^K  ^^c.    The  collected  liquids  are  evapo- 
flr  clean  vessel   to  24  parts,  strained   if 
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necessary,  and  poured  into  a  porcelain  dish ;  then, 
with  a  gentle  sand  heat,  evaporated  nntil  a  little 
taken  out  and  cooled  mostly  solidifies,  when  the 
dish  is  removed  to  a  cool  place,  and  allowed  to 
remain  some  days.  The  crystalline  mass  that  sepa^ 
rates  is  drained  firom  the  mother  liquor,  which  is 
again  evaporated  and  the  crystals  separated ;  the 
whole  of  the  crystalline  masses  are  dissolved  in  twice 
their  weight  of  pure  water,  filtered  from  any  lime 
salt,  and  again  evaporated  to  the  point  of  crystalli- 
zation. Should  the  solution  from  organic  matter, 
&c.,  be  of  a  brown  colour,  a  little  pure  nitric  acid  is 
gradually  dropped  in  during  the  evaporation  until 
the  liquid  becomes  of  a  pale  yellow.  The  proceeds 
of  this  second  crystallization  must  again  be  crys« 
tallized  once  or  twice  to  free  them  from  any  adhermg 
sulphuric  acid  or  lime;  the  yield  will  be  about 
8 — 9  parts. 

RecapittUation. — Purified  tartar  (without  noticing 
a  trifling  portion  of  lime),  consists  of  1  at.  potash, 

2  at.  tartaric  acid  and  1  at.  watersKO  +  T,  H0  + 

f ;  the  hydrate  of  lime  is  CaO  +  HO,  When  these 
two  come  in  contact,  in  the  presence  of  water,  the 
second  atom  of  tartaric  acid  in  the  tartar  transfers 
itself  to  the  lime  and  forms  an  insoluble  precipitate, 
the  neutral  tartrate  of  potash  remaining  m  solution. 
The  reaction  which  is  sure  but  slow  in  the  cold,  is 
much  facilitated  by  the  application  of  heat.  To  ex- 
tract the  whole  of  the  acid  from  the  neutral  potash 
salt,  a  lime  salt  of  a  more  powerful  acid  must  be 
employed  ;  chloride  of  calcium  answers  to  this,  form- 
ing tartrate  of  lime  and  readily  soluble  chloride  of 
potassium. 

lat.  (KO  +  f)  +  (HO  +  f),  1  at.CaO  +  HO, 
1  at.  CaCl  and  6  at.  HO,  form 

2  at.  CaO  +  f +4  HO  and  1  at.  KCl. 

2352  Parts  of  tartar  require  according  to  calcula- 

l2 
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Hon  462  parts  of  hydrate  of  lime  and  693  parts  of 
chloride  of  calcium,  forming  3250  parts  of  tartrate  of 
lime.  On  account  of  impurities  in  the  material, 
this  amount  is  never  however  obtained.  The  de- 
composition of  the  tartrate  of  lime  by  sulphuric  acid 
is  occasioned  by  the  great  affinity  of  lime  for  the 
latter; 

1  at.  CaO  +  f +  4H0  and  1  at.  SO3  +  HO,  form 
1  at.  CaO  +  SO3  and  1  at.  f  +  HO. 

1625  Parts  of  tartrate  of  lime  require  613  parts  of 
hydrated  sulphuric  acid,  or  16  parts  to  6.  The 
purification  of  discoloured  mother  liquor  by  nitric 
acid  is  owing  to  the  latter  yielding  its  oxygen  to  the 
colouring  matters,  forming  carbonic  acid  and  hy- 
ponitric  acid,  which  are  evolved.  The  nitric  acid 
must  be  added  very  cautiouwsly  and  excess  avoided, 
or  a  portion  of  the  tartaric  acid  will  become  decom- 
posed, and  other  products,  as  oxalic  acid,  be  formed 
and  render  the  product  impure.  The  product  from 
12  parts  of  tartar  should  be  9  parts,  but  from  the 
several  re-crystallizations  a  portion  of  the  acid  is 
lost  in  the  mother  liquors.  This  loss  is  less  and  the 
quality  and  purity  of  the  product  greater  in  propor- 
tion to  the  quantity  of  tartar  operated  upon. 

The  chloride  of  potassium  may  be  saved  as  a 
secondary  product  by  evaporation  and  crystalliza- 
tion ;  it  is  however  of  no  great  value. 

Properties. — ^Tartaric  acid  crystallizes  in  oblique 
rhombic  prisms  and  pyramids,  permanent  in  the 
air,  odourless,  and  of  a  strongly  acid  but  agreeable 
taste.  It  is  soluble  in  2  parts  of  cold  and  1  of  hot 
water,  also  in  alcohol.  If  it  is  at  all  deliquescent  it 
contains  either  sulphuric  acid  or  lime  (bitartrate  of 
lime).  Sulphuric  acid  is  detected  in  the  aqueous 
solution  by  its  white  insoluble  precipitate  with 
chloride  of  barium ;  lime  by  oxalate  of  ammonia ; 
lime  is  also  detected  by  a  turbidity  on  solution  in 
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alcohol  (gQlphate  or  tartrate  of  lime).  Should  too 
much  nitric  acid  have  been  used,  it  will  decolourize 
indigo  solution,  and  in  this  case  will  probably  con* 
tain  oxalic  acid,  which  gives  a  precipitate  witli  lime 
water,  whilst  the  solution  is  still  acid.  Metals,  as 
tin,  copper,  lead,  are  detected  by  solution  of  gold, 
ammonia  and  sulphuric  acid  as  under  Acid  Acetic. 
As  regards  lead  only  the  smallest  traces  of  this  metal 
are  found  in  the  acid  from  the  use  of  leaden  vessels, 
and  this  is  removed  by  crystallization.  All  other 
metals  must  be  avoided  in  the  preparation  of  the 
acid. 


ACmUM    UKICUM. 
Uric  Acid, 


Formula  :  CioH^N^Og ;  or,  CjHjNjOg. 

Preparation, — From  Pigeons*  excrements, — 12  Parts 
of  dried  and  powdered  pigeons'  excrements  are 
boiled  for  one  hour  with  a  solution  of  1  part  of  borax 
in  120  of  water  in  a  porcelain  or  copper  vessel,  then 
strained  through  linen.  The  turbid  brownish  liquid 
is  allowed  to  subside,  then  decanted,  filtered,  and 
saturated  with  hydrochloric  acid ;  the  coloured 
fiocculent  precipitate  thus  caused  is  collected  on  a 
filter,  washed,  dissolved  in  solution  of  caustic  potash, 
and  the  brown  coloured  liquid  evaporated  to  crys- 
tallization. The  last  dark  mother  liquors  are 
thrown  away,  the  salt  collected  in  a  funnel,  the 
most  coloured  portion  removed  by  washing  with 
cold  water,  then  dissolved  in  hot  water,  and  decom- 
posed with  hydrochloric  acid.  Should  it  still  be 
yellow  it  is  again  dissolved  in  potash  solution  and 
precipitated  with  hydrochloric  acid.  The  yield  of  12 
parts  of  excrement  will  not  be  more  than  J  of  a  part,* 

*  In  £nghuid,  the  excrementitious  matter  from  the  larger 
kinds  of  serpents  will  be  found  a  more  economical  source ;  the 
treatment  with  tx>rax  is  then  omitted. 
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JRecapiiulaHon. — ^Urio  add  exists  in  pigeons'  ex- 
crements in  a  free  state,  and  is  readily  soluble  in  a 
dilute  solution  of  borax.  Hydrochloric  acid  precipi- 
tates it  from,  this  solution  by  decomposing  the  borax, 
the  soda  of  which  combines  -with  the  hydrochloric 
acid  and  the  boracic  acid  remains  dissolved.  The 
formation  of  urate  of  potash,  by  dissolving  in  solu-> 
tion  of  potash  and  crystallizing,  is  to  free  the  add 
from  the  colouring  matter  with  which  it  is  contami- 
nated.  From  its  solution  in  potash  uric  acid  is  thrown 
down  by  the  more  powerful  hydrochloric  acid. 

Properties, — Uric  acid  separates  in  white  glittering 
scales,  wliich  form  a  white  powder  when  dry ;  it  is 
odourless  and  tasteless,  permanent  in  the  air,  feebly 
reddens  moistened  litmus  paper,  is  almost  insoluble 
in  water,  requiring  1800  parts  of  boiling  to  dissolve 
it,  and  is  entirely  volatilized,  with  decomposition,  on 
heating.  In  nitric  acid  it  is  soluble  on  warming, 
forming  numerous  products  ;  if  the  acid  be  diluted 
it  yields  a  residue  on  evaporation,  of  a  red  colour ; 
this  is  due  to  purpurate  of  ammonia,  and  is  charac- 
teristic of  uric  acid. 


ACEDUM  VALERIANICUM. 

Valerianic  Acid. — Amylic  Aeid^ 

Formula  of  the  Simple  Hydbatb  : 
C10H9O3  +  HO  =\a  +  HO. 

Formula  of  the  Terhydrate  : 

CioHjOg  +  3H0 = Va  +  3H0. 

Preparation, — (a)  From  Valerian  root, — 20  Parti 
of  dried  and  finely  cut  valerian  root  are  put  with  100 
parts  of  water  into  a  copper  still,  which  should  not 
be  more  than  }  filled,  the  head  luted  on,  and  30  parts 
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drawn  oyer.  As  a  receiver,  a  so  called  Florentine 
flask  (a)  answers  best,  which  is  preyiousl j  filled  with 
water  to  (6).  From  the  re- 
firigerator  the  liquid  runs  into 
the  neck  (c),  and  depositing 
the  oil,  which  floats  on  the 
surface,  finally  escapes  by 
the  opening  {d),  under  which 
is  placed  a  pot  to  catch  the 
water.  The  distillate  is  sa- 
turated with  x)owdered  crys- 
tallized carbonate  of  soda ;  to 
the  contents  of.  the  retort  30 
more  parts  of  water  are  added, 
the  same  quantity  again  distilled  off,  saturated  with 
soda,  and  the  same  process  repeated  as  at  first.  The 
three  neutralized  solutions  are  mixed,  evaporated  to 
4  parts,  and  filtered  into  a  tarred  porcelain  dish ;  then 
evaporated  with  constant  stirring  to  dryness,  in  a  sand 
bath,  weighed,  and  water  equal  in  weight  to  the  salt 
added  to  it.  The  solution  is  poured  into  a  tubulated 
retort,  and  a  previously  cooled  mixture  of  1  part  of 
sulphuric  acid  and  2  parts  of  water  added,  (the 
quantity  of  concentrated  acid  used  depends  of 
course  on  the  amoimt  of  salt ;  for  5  parts  of  the  latter 
when  dry  4  parts  are  requisite) .  The  retort  attached 
to  a  receiver  is  placed  in  a  sand  bath  and  distilled 
nearly  to  dryness.  The  distillate  is  poured  into  a 
moderately  wide  cylindrical  glass,  when  the  clear 
supernatant  oUy  layer  is  removed  and  kept  as  a  ter- 
hydrate  of  the  acid.  The  solution  contained  under 
this  may  be  employed  in  making  valerianates.  The 
quantity  of  product  varies  ;  the  maximum  I  have 
obtained  from  20  pounds  of  root,  was  24  drachms, 
the  minimum  13  drachms,  besides  the  watery  solu- 
tion containing  about  8  drachms  more.  The 
quantity  of  ethereal  oil  obtained  as  a  secondary 
product  was  pretty  constantly  3  ounces. 
To  prepare  the  simple  from  the  terhydrate  (which 
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however  is  unnecessary  for  medicinal  purposes),  the 
acid  is  distilled  alone»  and  as  soon  as  it  passes  oyer 
clear  the  receiver  is  changed  and  the  remainder 
preserved  as  simple  hydrate. 

(b)  From  Fuselol. — ^Far  more  advantageous  and 
interesting  is  the  formation  of  valerianic  acid  from 
fuselol,  -which  may  be  obtained  in  considerable 
quantity  and  at  a  low  cost  from  the  distillers  of 
potato  spirit.  Before  using,  it  must  be  thoroughly 
freed  from  alcohol  and  water,  with  which  it  is  mixed 
in  considerable  quantities  as  it  comes  from  the  dis- 
tillery. This  is  effected  in  a  tubulated  retort,  in  the 
tubulus  of  which  is  fixed  a  thermometer  graduated  as 
high  at  least  as  370°  Fah.,  the  bulb  of  which  must 
dip  in  the  fluid.  It  is  then  boiled  until  the  mercury 
which  at  the  commencement  of  the  ebullition  stood 
at  212**  Fah.  reaches  329"*  Fah.  The  contents  of  the 
retort  is  now  pure  fuselol,  spec.  grav.  0*818.  The 
distillate  is  alcohol,  water,  and  friselol,  another  por- 
tion of  the  latter  being  obtainable  by  a  second  dis- 
tillation. After  these  preliminaries  the  valerianic 
acid  is  formed  as  follows  : — 

In  a  tubulated  retort,  capable  of  containing  twice 
as  much,  is  placed  5  parts  of  bichromate  of  potash, 
in  large  pieces,  and  4  parts  of  water :  the  retort  is 
set  in  a  sand  bath,  a  receiver  attached,  but  not 
luted,  a  funnel  tube  fixed  in  the  tubulus  of  the 
retort,  so  that  its  lower  end  dips  about  ^  an  inch  in 
the  water,  and  through  it  a  previously  cooled  mix- 
ture of  1  part  of  purified  fuselol  and  4  of  concentrated 
sulphuric  acid  are  poured,  in  very  small  portions,  at 
first  about  1  drachm,  and  latterly  not  exceeding 
half  an  ounce.  If  ^  a  ])ound  of  fuselol  has  been 
mixed  with  2  pounds  of  sulphuric  acid,  from  2  to  8 
hours  should  be  occupied  in  adding  this  quantity  to  the 
retort.  So  soon  as  the  reaction  which  ensues  warms 
the  retort  so  that  distillation  commences,  the  receiver 
is  carefully  cooled  with  a  stream  of  water,  nor  must 
heat  be  applied  to  the  retort  until  the  last  portions 
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are  added ;  4  parts  are  to  be  drawn  OTer.  When  the 
retort  ia  80  f ar  cooled  that  a  drop  is  some  time  in 
collecting  at  the  beak,  the  receiver  is  emptied, 
quickly  replaced,  a  mixture  of  4  parts  of  concentra- 
ted sulphuric  acid  and  6  of  water  poured,  whilst  still 
warm,  through  the  funnel  tube  into  the  retort,  and 
the  heat  continued  imtil  6  parts  have  come  oyer. 
Both  distillates  are  saturated  with  carbonate  of  soda» 
of  which  (for  I  part  of  fuselol)  1}  of  the  crystallized 
is  necessary ;  the  saline  liquid  is  evaporated  to  dry- 
ness in  a  porcelain  dish,  the  salt  dissolved  in  its  own 
weight  of  water,  this  solution  distilled  with  sulphuric 
acid,  as  described  under  (a).  The  oily  portion  on 
the  surface  is  separated  and  preserved  as  terhydrated 
valerianic  acid,  and  its  weight  vnll  be  somewhat 
more  than  half  that  of  the  fuselol  employed. 

RecapitiUatum. — (a)  Valerianic  acid  exists  in  va- 
lerian root,  together  with  an  ethereal  oil  in  a  free 
state ;  both  being  volatile  bodies  pass  over  on  distil- 
lation with  water.  In  the  Florentine  flask  the 
ethereal  oil,  which  is  but  slightly  soluble  in  water, 
swims  on  the  surface  and  is  separated,  the  far  more 
soluble  acid  forming  an  aqueous  solution  below.  To 
prevent  the  root  from  burning  not  more  than  the 
prescribed  quantity  must  be  distilled:  the  root 
however  being  far  from  exhausted  the  process  is 
repeated  twice  again,  or  until  a  distillate  is  obtained 
having  no  acid  reaction.  The  contents  of  the  retort 
even  then  have  an  intensely  acid  reaction,  which 
arises  not  from  valerianic,  but  from  a  fixed  organic 
acid.  (Malic  acid })  This  fact  shows  that  even  if 
the  valerianic  acid  were  combined  with  bases  in  the 
root,  it  would  be  imnecessary  to  make  any  special 
addition  of  acid  (sulphuric  acid)  in  order  to  set  it 
free.  The  quantity  of  soda  necessary  to  saturate  the 
distillate  is  very  imcertain,  varying,  for  20  poimds 
of  root,  from  3  to  6  ounces,  the  first  portion  of  course 
requiring  most,  at  least  the  half  of  the  reqidsite 
quantity.     By  evaporating   the   saturated   liquid 
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numerous  fine  particles  are  formed,  doubtless  due 
to  the  decomposition  (oxidation)  of  the  small  quan- 
tity of  ethereal  oil  in  the  solution,  which  must  be 
separated  by  filtration.  In  order  again  to  separate 
the  acid  in  a  concentrated  form  from  the  soda,  the 
salt,  dissolved  in  aa  equal  weight  of  water,  is  de- 
composed with  so  much  sulphuric  add  as  will  form 
bisulphate  of  soda. 

1  at.  NaO  +  Va  and  2  at.  SOg  +  HO,  form 

1  at.  (NaO  +  SOg)  +  (HO  +  SOg)  and  1  at.  Va  +  HO. 

1552  Parts  of  yalerianate  of  soda  require  1226 
parts  hydrated  sulphuric  acid,  or  5  parts  of  the  first 
4  parts  of  acid.  So  soon  as  the  acid  is  added  the 
valerianic  acid  separates  as  aa  oily  layer  on  the 
surface,  distilling  with  the  water,  and  again  separat- 
ing in  the  receiver,  leaving  a  concentrated  solution 
of  the  acid  below.  It  is  now  generally  slightly 
yellow,  but  sufficiently  pure  for  the  formation  of 
salts.  The  formation  of  the  monohydrated  on  dis- 
tilling the  acid  alone  is  owing  to  water  and  some  acid 
first  passing  over,  and  only  when  about  half  finished, 
that  the  most  concentrated  distils.  Other  substances 
having  a  strong  affinity  for  water,  as  chloride  of 
calcium,  are  not  applicable  in  this  case,  as  the  acid 
would  become  contaminated  with  hydrochloric  acid. 

The  ethereal  oil  obtained  has  a  slightly  acid  re- 
action, which  is  due  to  mechanical  admixture  vntha 
little  of  the  acid,  and  not  from  chemical  combination 
vdth  it;  a  very  small  particle  of  soda  instantly 
removes  it.  If  the  oil  and  acid  exist  in  the  root  in 
combination,  they  are  separated  by  water  into  two 
immistakeably  different  bodies. 

(6)  Purified  potato  fuselol  xjonsists  of  CioHijOj ; 
but  may  be  considered  as  a  kind  of  alcohol  or  hy- 
drate of  an  ether— CioHiaOj^CioHnO  +  H0,  and  itB 
scientific  name  is  amylic  alcohol,  or  hydrated  oxide 
of  Amyle.  In  contact  vnth  nascent  oxygen  it  i« 
cbangedy  and  converted,  when  the  oxidation  is  con^ 
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iriderable,  into  water  and  yalerianic  acid,  also  called 
amylic  acid. 

1  at.  CjoHisO,  and  4  at.  O,  form 
1  at.  C10H9O3  and  3  at.  HO  (that  is,  the  terhydrated 
acid). 

The  oxygen  necessary  for  this  is  derived  from  the 
bichromate  of  potash  by  the  action  of  sulphuric  acid ; 
bisulphate  of  potash,  oxide  of  chromium  and  oxygen 
being  formed. 

1  at.  KO  +  2  CrOa  and  2  at.  SO3  +  HO,  form 
1  at.  KO  +  2  SO3  +  HO,  1  at.  CrgOa  and  3  at.  O. 

1  Atom  of  bichromate  of  potash  yields  only  3  at. 
of  oxygen,  and  1  at.  fuselol  requires  4  at. :  hence, 
according  to  theory,  the  quantity  of  bichromate 
must  be  increased  one  third ;  in  practice,  however, 
even  this  will  be  foimd  not  nearly  sufficient,  un- 
questionably arising  from  a  portion  of  the  oxygen 
passing  off  uncombined,  whilst  another  portion 
serves  for  other  purposes  (as  the  formation  of  acetic 
acid,  &c.),  and  also  it  must  be  remembered,  that 
under  the  prescribed  conditions  (temperature,  &c.), 
chromates  are  never  entirely  decomposed  by  sulphu- 
ric acid.  The  quantity  of  acid  and  salt  should  be 
trebled,  that  is,  to  1  at.  fuselol =1100,  3  at.  bichro- 
tnate  potash =5574,  and  6  at.  cone,  sulphuric  acid= 
3678,  and  the  commercial  acid  always  containing 
Inore  than  1  at.  of  water,  the  relative  proportions  of 
1  fuselol,  5  of  bichromate  and  4  of  sulphuric  acid 
Nvill  be  found  the  best  in  practice.  But  as  no  sul- 
phuric acid  has  been  allowed  for  the  oxide  of  chro- 
mium formed,  the  latter  combines  with  a  portion  of 
the  sulphuric  acid,  and  it  is  to  obtain  this  that  the 
second  quantity  of  sulphuric  acid  is  added  to  the 
contents  of  the  retort.  At  first  sight  it  appears  isx 
Simpler  to  add  the  whole  8  parts  of  sulphuric  acid  at 
the  commencement,  but  practice  has  taught  me  that 
the  product  is  less  in  this  case,  probably  owing  to 
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the  action  being  too  energetic  and  a  qnantitj  Of 
oxygen  escaping,  or  rather  perhaps  forming  more 
highly  oxidized  bodies  (as  acetic  acid). 

The  addition  of  the  mixture  of  sulphuric  acid 
and  fuselol  must  be  very  carefully  made  and  in 
small  quantities,  otherwise  so  powerful  a  reaction 
ensues,  that  without  any  application  of  fire,  and 
before  the  whole  of  the  mixture  is  in  the  retort,  so 
much  heat  is  eyolved  as  to  cause  it  to  boil.  With 
every  precaution  there  would  still  be  a  risk  of  the 
contents  boiling  over,  or  the  retort  bursting,  if  the 
chromate  of  potash  were  powdered  instead  of  be- 
ing inserted  in  lumps.  On  the  first  distillate  is 
commonly  a  thin  oily  layer,  which  consists  of  ox- 
idized fuselol,  or  more  properly  speaking  yalerianate 
of  oxide  of  amyle,  saCioHnO  +  CioHgOg;  on  satu- 
rating the  fiuid  with  soda  this  is  decomposed,  the 
acid  combining  with  the  soda,  the  oxide  of  amyle 
being  given  off  on  evaporation.  It  is  better,  after 
the  first  distillation,  not  to  wait  to  pour  the  mixtore 
of  sulphuric  acid  and  water  into  the  retort  imtil 
the  contents  of  the  latter  has  entirely  cooled,  other* 
wise  the  mass  hardens  and  closes  ihe  funnel  tube. 
If,  as  we  might  expect,  all  the  fuselol  were  con- 
verted into  valerianic  acid,  1100  parts  should  yield 
1162*5  anhydrous,  or  1500  parts  of  the  terhydrated 
acid ;  the  yield  with  the  above  process  is,  howevezt 
never  more  than  half  the  weight  of  the  oil  em- 
ployed. The  reason  of  this  immense  loss  is,  that 
a  portion  of  the  fuselol  volatilizes  either  partially 
er  totally  unoxidized,  and  another  portion  is  con- 
verted into  acetic  acid. 

2  at.  C10H12O2  and  20  at.  O,  form 
5  at.  C4H3O3  and  9  at.  HO. 

As  acetic  acid  is  soluble  in  water  in  any  proportion 
it  remains  in  solution  after  the  distillation  of  the 
soda  salt  vnth  sulphuric  acid,  the  superficial  oily 
layer  being  pure  Yalerianic  acid.    Of  comae  thil 
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tolation  also  contains  yalerianic  acid,  which,  how* 
ever,  is  only  advantageously  applicable  to  the  for- 
mation of  the  difficultly  soluble  zinc  salt,  either  by 
saturating  with  soda  and  precipitating  with  sulphate 
of  zinc,  or  else  at  once  neutralizing  with  carbonate 
of  zinc  recently  precipitated.  The  light  saline  mass 
thus  obtained  is,  after  carefully  expressing,  dried 
at  a  very  moderate  temperature. 

The  contents  of  the  retort,  after  the  distillation, 
may  be  used  for  sulphate  of  potash  and  oxide  of 
chromium,  and  thus  reduce  the  expense.  For  this 
purpose,  the  solid  greenish  black  mass  is  covered 
with  warm  water,  in  which  it  very  readily  dissolves, 
the  whole  poured  into  a  narrow  necked  flask,  and 
sulphurous  acid  passed  into  it  until  it  smells  strongly 
of  this  gas,  and  a  portion  warmed  with  carbonate  of 
potash  and  filtered  yields  a  colourless  solution ;  it 
is  then  transferred  to  a  capacious  leaden  vessel, 
diluted  with  more  water,  heated  to  boihng,  and  so- 
lution of  potash  gradually  added  until  slightly  in 
excess,  when  after  carefully  filtering  off  the  oxide  of 
chrome,  the  solution  is  evaporated  so  long  as  crys- 
tals separate.  The  sulphurous  acid  gas  converts 
any  of  the  undecomposed  chromate  of  potash  into 
sulphate  of  potash  and  oxide  of  chrome. 

1  at.  K0  +  2  CrOg  and  3  at.SOg,  form 

1  at.  KO  +  2SO3,  1  at.  Cr.Pa,  and  1  at,  SO3. 

The  sulphuric  acid  necessary  for  the  solution  of  the 
oxide  of  chromium,  and  not  expressed  in  the  above 
formula,  is  already  contained  in  the  liquid.  By  the 
addition  of  potash  solution,  the  bisulphate  is  con- 
verted into  neutral  sulphate  of  potash  and  the  oxide 
of  chromium  precipitated. 

Properties, — ^Pure  valerianic  acid  is  a  colourless 
oily-like  liquid  of  a  penetrating  odour,  resembling 
the  volatile  oil  of  valerian,  but  more  disagreeable, 
approaching  that  of  rotten  cheese,  and  with 
a  sharp  loathsome  taste,  reminding  one  of  valerian^ 
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Both  the  anh  jdrous  and  hy  drated  float  upon  water  ; 
the  spec.  gray,  of  the  first  is  0'94:4:,  and  of  the  last 
0*967.  The  simple  hydrate  dissolves  in  30,  the 
terhydrate  in  26  parts  of  water ;  the  solution  has  a 
strongly  acid  reaction,  and  together  with  the  pro- 
perties of  the  pure  acid  (in  a  milder  degree),  a  sac- 
charine taste.  Its  alkaline  salts  have  a  saccharine 
as  well  as  a  valerianic  flavour.  It  is  soluble  in  all 
proportions  of  pure  alcohol  and  ether ;  it  is  entirely 
volatilized  by  heat.  Heated  in  a  platinum  spoon 
it  readily  ignites  and  bums  with  a  bright  flame. 
Its  aqueous  solution  gives  no  precipitate  with 
nitrate  of  silver  or  nitrate  of  baryta,  otherwise 
hydrochloric  or  sulphuric  acid  is  present.  The  pre- 
sence of  €Lcetic  acid  is  known  by  diluting  the  acid 
with  twice  its  weight  of  water,  saturating  with 
freshly  precipitated  carbonate  of  zinc,  pressing  the 
precipitate,  filtering  and  evaporating  the  liquid 
slowly,  when  after  the  separation  of  some  little 
scales  of  valerianate  of  zinc,  colourless  crystals  of 
acetate  of  zinc  will  form. 


.ETHER   PURUS. 

j^ther  Sulphuricus, — Sulphuric  Ether. — Pure  Ether, 
Formula  :  C4H5O  =  Ae  +  O. 

Preparation, — 9  Parts  by  weight  of  concentrated 
sulphuric  acid  (English),  and  5  parts  of  spirit  of 
wine,  90  per  ct.  (spec.  grav.  0-818),  are  well  stirred 
together  by  means  of  a  glass  rod,  in  a  leaden  or  cast 
iron  vessel ;  the  latter  is  then  well  closed  and  al- 
lowed to  cool :  in  winter  this  may  be  facilitated  by 
placing  in  ice  or  snow.  The  acid  mix.ture  is  then 
poured  into  a  tubulated  retort  which  must  not  be 
more  than  §  full :  this  is  placed  in  a  sand  bath,  sur- 
rounded as  high  as  the  liquid  reaches  with  sand, 
and  connected  by  a  strip  of  bladder  to  a  tubulated 
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receiver,  so  placed  that  the  tubulus  is  below,  and 
having  a  leaden  tube  bent  at  right  angles  luted  into 
it,  the  other  end  of  which  dips  into  a  glass  bottle  also 
tubulated  at  the  side.  The  principal  opening  of 
this  bottle  is  well  secured  by  cork  and  bladder, 
whilst  that  at  the  side  through  which  the  leaden 
pipe  passes  is  simply  surrounded  with  bladder  in 
which  is  a  small  puncture  to  allow  the  exit  of  the 
air  in  the  vessel  at  the  commencement,  and  avoid 
any  pressure  on  the  surface  of  the  glass  vessels. 
A  glass  bottle,  tubulated  near  the  bottom,  is  now 
placed  at  the  distance  of  several  feet  from  the  re- 
tort, rather  higher  than  the  top  of  the  furnace, 
having  a  leaden  pipe  luted  in  the  lower  extremity 
sufficiently  long  to  reach  the  retort,  into  which  it 
dips  by  being  bent  at  right  angles,  and  having  a 
brass  tap  in  the  centre.  The  tube  should  be  placed 
so  deep  in  the  retort  that  it  is  within  about  one  inch 
of  the  liquid,  the  tubulus  is  then  carefully  closed 
with  luting  and  bladder.  The  top  being  closed,  the 
bottle  is  filled  with  spirit  of  wine  of  the  previously- 
named  strength.  A  cut  of  the  apparatus  will  ren- 
der its  construction  more  clear. 
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The  heat,  as  in  all  distillatoiy  processes,  is  applied 
at  first  slowly,  but  when  the  retort  is  warmed 
throughout  it  is  considerably  increased,  and  must  be 
sustained  at  this  raised  temperature  without  cessa- 
tion, the  mixture  having  a  far  higher  boiling  point 
than  water,  and  requiring  to  be  kept  in  an  uninter- 
rupted state  of  ebullition  to  insure  a  good  yield. 
Previously  to  boiling,  a  good  stream  of  water  is  al- 
lowed to  flow  over  Uie  receiver  (e)  and  not  stopped 
again  until  the  retort  is  nearly  cold.  As  soon  as  the 
contents  of  the  retort  boil,  the  tap  {c)  is  slightly 
turned  and  spirit  of  wine  allowed  to  now  into  the 
retort  according  to  the  stream  through  the  tube  (/) 
into  the  hr.ttle  (^),  so  as  always  to  retain  the  same 
height  of  surface  in  the  boiling  mixture.  The  ves- 
sel (a)  is  refilled  with  spirit  as  often  as  necessary ; 
various  quantities  have  been  given  as  requisite ;  my 
own  experience  is,  that  for  9  parts  of  sulphuric  acid 
not  more  than  72  parts  be  employed,  as  after  this 
the  acid  is  so  weakened  that  more  aJcohol  than  ether 
passes  over.  The  bottle  (g)  is  removed  and  emptied 
as  often  as  it  is  nearly  filled  to  the  tubulate.  When 
the  last  portion  of  alcohol  has  passed,  the  tap  \b 
closed  and  the  fire  removed ;  so  much,  however, 
distils  over  from  the  hot  mixture  that  only  a  small 
quantity  of  spirit  remains  in  the  residue.  With  9 
pounds  of  acid  and  72  pounds  of  spirit  the  process 
may  be  finished  in  less  than  24  hours.  It  is  better 
not  to  discontinue  it  until  finished,  or  if  on  account 
of  the  necessary  light  for  working  through  the  night 
any  danger  is  apprehended,  the  process  should  be 
recommenced  qiiite  early  on  the  following  morning. 
The  greatest  care  is  necessary  throughout  the  dis- 
tillation, and  an  absence  of  more  than  a  quarter  of 
an  hour  at  any  time  not  to  be  thought  of, 

16  Pounds,  by  weight,  of  the  distillate,  which 
has  almost  always  an  acid  reaction,  is  shaken  with  1 
ounce  of  hydrate  of  lime  and  1  ounce  of  peroxidd  of 
manganese  that  have  previously  been  well  mixed 
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with  water,  until  it  has  no  further  action  on  litmus 
paper ;  it  is  then  rectified  in  a  copper  stiU  or  by 
small  quantities  in  glass  retorts.  What  passes  oyer 
must  be  occasionally  tested  with  the  areometer  :  so 
long  as  the  spec.  gray,  is  under  0*750  the  distillate 
is  officinal  ether ;  when  it  exceeds  that  spec,  gray., 
and  its  density  will  gradually  increase,  it  may  be 
used  for  Liquor  Anodynus,  the  spec.  gray,  of  which 
will  range  from  0-825  to  0*830.  This  is  followed  by 
spirit  of  wine,  and  when  the  distillate  has  only  a 
weak  watery  taste,  the  fire  is  allowed  to  go  out. 
The  yield  of  ether  is  not  always  the  same,  its  mean 
product  is  about  half  the  weight  of  the  spirit  em- 
ployed. 

It  is  commonly  stated  that  the  raw  distillate 
should  be  mixed  with  water  untU  the  ether  again 
separates ;  this  is  superfluous,  as  the  water  then 
contains  a  quantity  of  ether  in  solution,  to  re-obtain 
which  another  distillation  is  necessary.  The  neu- 
tralization is  affected  more  readily  by  using  oxide 
of  manganese  than  simply  with  lime. 

In  order  to  obtain  ether  free  from  alcohol  and 
water,  the  officinal  ether  is  shaken  for  an  hour  with 
its  weight  of  water,  and  allowed  to  subside  for  one 
hour,  the  supernatant  fluid  drawn  off  with  a  sy- 
phon, rectified  with  its  weight  of  fused  chloride  of 
calcium,  and  the  first  portion  of  the  distillate 
separated  from  the  last,  which  will  contam  traces  of 
water. 

Recapittdation. — Anhydrous  or  absolute  alcohol 
consists  of  C4Hg02 ;  in  order  to  explain  the  process 
more  readily,  we  will  consider  it  as  hycfrate  of 
ether=C4H50  +  HO,  and  the  ether  as  an  oxide  of 
a  hypothetical  radical  €4115= Ae.  This  radical  is 
named  Aethyl  (from  Aether  and  v\ri  Base)  or  Ether 
base,  therefore  the  Ether  is  AethyloxideasC4H5  +  0 
or  AeO  ;  and  the  alcohol,  hydrated  oxide  of 
Aethyl,  AeO  +  HO.  When  alcohol  (hydrated 
oxide  of  Aethyl)  comes  in  contact  with  sulphuric 
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acid,  the  latter  separates  from  it  its  water  of  hydra- 
tion, which  is  replaced  by  2  at.  of  hydrated  sulphuric 
acid :  these,  widi  the  oxide  of  ethyl,  form  an  acid 
salt,  which  is  named  Sulphovinic  acid,  or,  as  we 
will  consider  it,  bi-sulphate  of  oxide  of  Aethyl : — 

1  at.  C^HgOa  and  2  at.  80,  + HO,  form 

1  at.  (AeO  +  SO3)  +  (HO  +  SO3)  +  HO,  and  1  at,  HO. 

The  atom  of  basic  water  may  be  replaced  by  a 
stronger  base,  as  lime  or  baryta,  and  siUphoTinates 
are  thus  obtained,  true  double  salts,  having  neither 
an  acid  nor  alkaline  reaction,  dissolving  readily  in 
water,  and  when  dry  being  anhydrous.  Their  for- 
mula is,  therefore,  (AeO  +  SO3)  +  (RO  +  SO,),  in 
which  K,  the  radical,  signifies  the  second  base. 

575  Parts  of  absolute,  or  640  parts  of  alcohol, 
containing  90  per  ct.  spirit,  would  require  1226  parts 
of  hydrated  sidphuric  acid  (or  5  parts  of  alcohol  of 
90  per  ct.,  somewhat  over  9  parts  of  hydrated  sul- 
phuric acid),  entirely  to  convert  it  into  bisulphate  of 
oxide  of  Aethyl ;  but,  from  some  unexplained  reason, 
a  small  portion  of  alcohol,  and  consequently  of  sul- 
phuric acid,  always  remains  unacted  on.  When 
tliis  mixture  is  heated  to  284°  Fah.)  it  begins  to 
boil :  the  bisulphate  of  oxide  of  ethyl  is,  however, 
not  permanent  at  this  temperature,  but,  decomposing, 
forms  hydrated  sulphuric  acid  and  ether  ;  and  the 
sulphuric  acid  not  being  volatile  at  284°  Fah.,  re- 
mains behind  ,as  a  hydrate,  the  ether  and  some 
water  passing  over  : — 

1  at.  (AeO  +  SO3)  +  (HO  +  SO3)  +  HO  and 

1  at.  HO,  form 

2  at.  SO3  +  HO  +  1  at.  AeO  and  1  at.  HO. 

The  formation  of  the  ether  then  is  due  to  the 
formation  of  bisulphate  of  oxide  of  ethyl  from  sul- 
phuric acid  and  alcohol,  and  the  instability  of  this 
body  at  its  boiling  point.  The  hydrated  sulphuric 
acid  thus  liberated  and  remaining  in  the  retort,  has 
the  property,  as  before  stated,  of  again  combining 
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yrith.  alcohol,  with  the  same  results;  hence  the 
reason  for  the  addition  of  alcohol  by  drops  to  the 
boiling  mixture.  Against  the  possibility  of  this 
new  formation  of  bisulphate  of  oxide  of  ethyl  may 
be  objected,  the  temperature  of  the  boiling  mix- 
ture, which  would  rather  favour  a  decomposition. 
To  meet  this,  it  may  be  suggested  that  the  drops 
of  cold  alcohol  cause  a  momentary  cooling  in  a 
small  circle,  thus  allowing  the  possibility  for  com- 
bination; the  next  moment,  however,  tike  tempe- 
rature rises,  and  decomposition  again  ensues.  The 
chemical  process,  during  the  dropping  of  the  alco- 
hol into  the  boiling  mixture,  is  Uius  a  continuous 
formation  of  bisulphate  of  oxide  of  ethyl,  and  its 
instantaneous  decomposition  into  sulphuric  acid, 
ether,  and  water. 

The  above  is  the  real  explanation  of  the  formation 
of  ether ;  it  remains  now  to  consider  some  minor 
conditions  by  which  the  quantity  and  purity  of  the 
product  is  modified. 

By  the  contact  of  hydrated  sulphuric  acid  and 
absolute  alcohol,  the  action  of  the  acid  on  alcohol 
must,  according  to  the  preceding  statement,  be  end- 
less, and  if  only  ether  and  water  distilled  over  this 
woiild  be  the  case ;  but,  for  reasons  which  at  pre- 
sent we  camiot  control,  the  process  is  not  entirely 
BO  simple  ;  for  instance,  the  sulphuric  acid  acts  as 
an  oxidizing  agent  on  the  elements  of  the  alcohol, 
causing  the  formation  of  sulphurous  acid,  that 
passes  over,  and  a  carbonaceous  body  remaining 
behind,  which  at  first  is  quite  soluble,  colouring  the 
acid  of  a  deep  brown,  but  gradually  increasing 
(together  with  stilphurous  acid),  it  separates  as  a 
tough  bllick  pellicle  on  the  surface.  On  the  compo- 
sition of  this  black  body  there  are  yet  doubts  ;  its 
elements  are  carbon,  hydrogen,  oxygen,  and  sulphur 
(Cgo,  H24O20S3?).  Another  product  of  decompo- 
sition during  the  process  is  Oil  of  \Vine«=C4H4,  a 
yellowish  thick  oil  which  on  rectifying  the  ether  is 
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commonly  found  floating  on  the  watery  residtie. 
This  dcstructiye  action  occnrt  with  absolute  as  well 
as  hydrated  alcohol,  and  on  account  of  the  high 
price  of  tlic  former,  alcohol  of  about  90  per  ct.  is 
used.  The  employment  of  this  alcohol  also  cir- 
cumscribes the  action  of  the  sulphuric  acid,  on 
account  of  its  containing  at  the  outset  10  per  ct  of 
free  water.  It  is  clear  that  in  employing  this 
alcohol  the  acid  continually  acquires  more  water, 
abstracting  it  from  the  alcohol,  and  retaining  it  with 
a  force  which  prevents  more  than  a  small  portion 
passing  over  with  the  ether.  There  comes,  however, 
a  time,  when  the  acid  has  taken  up  as  much  water 
as,  under  the  circumstances,  it  can  retain  ^tilie 
boiling  point  of  this  mixture  is  only  255°  Fah.)  To- 
gether with  the  ether,  water  is  now  liberated;  when, 
however,  they  meet  in  their  nascent  state,  they  again 
combine,  forming  alcohol.  It  is  consequently  a 
rule,  and  a  highly  important  one  to  remember,  tiiat 
the  yield  of  ether  is  continually  smaller,  in  propor- 
tion to  the  water  combined  with  the  alcohol ;  that 
of  80  per  ct.,  containing  20  per  ct.  of  water,  gives 
on  distillation  a  far  greater  amount  of  spirit  than 
ether,  consequently  it  must  not  be  employed. 

The  use  of  shaking  the  distillate  with  peroxide 
of  manganese,  is  to  convert  the  sulphurous  acid 
into  higher  and  odourless  oxides  (hyposulphuric  and 
sulphuric  acids),  which,  combining  instantly  with 
the  protoxide  of  manganese  formed,  are  on  rectifi- 
cation left  in  the  retort. 

2  at.  MnOg  and  3  at.  SO.^,  form 

1  at  MnO  +  SO3  and  1  at.  MnO  +  SjjOj. 

The  lime  employed  at  the  same  time  Combines 
with  the  sulphuric  acid  already  present.  On  recti- 
fication, the  ether  being  most  volatile  first  passes 
over  (containing  only  a  trace  of  alcohol  and  water), 
then  follows  sdcohol  holding  a  littie  ether,  and 
finally  only  hydrated  alcohol.     At  the  same  tini% 
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it  happens  that  although  the  liquid  before  distilla- 
tion is  entirely  neutral,  the  distillate  will  have  an 
acid  reaction.  This  phenomenon  is  explained  by 
the  behayiour  of  dry  hyposulphates  when  heated, 
they  are  decomposed  into  sulphates  and  free  sul- 
phurous acid. 

1  at.  MnO  +  S2O5,  forms 

1  at.  MnO  +  SO3,  and  1  at.  SO3 ; 

consequently,  if  any  of  the  hyposidphate  of  oxide 
of  manganese  adheres  to  the  sides  of  the  retort,  it 
will,  by  continued  heating,  be  thus  decomposed. 
This  is  easily  remedied  by  employing  only  a  char- 
coal fire,  placed  below  only  just  the  centre  of  the 
retort. 

By  shaking  the  officinal  ether  (which  contains 
alcohol  and  water)  with  water,  the  alcohol  is  ab- 
stracted ;  but  the  ether  at  the  same  time  acqiures 
more  water,  to  remove  which  it  must  be  again  rec- 
tified over  chloride  of  calcium. 

The  sulphuric  acid  used  in  the  preparation  is 
afterwards  available  for  many  other  purposes,  as 
making  pure  sulphate  of  iron  and  sulphate  of  zinc. 

Properties, — Ether  is  a  transparent,  thin,  mobile 
fluid,  of  an  agreeable  penetrating  odour  and  a  cool- 
ing spirituous  taste.  It  is  highly  inflammable,  and 
the  greatest  care  must  be  taken  in  keeping  its 
vapour  from  contact  with  flame  of  any  kind.  The 
spec.  grav.  of  the  absolute  is  0*720,  of  the  officinal 
0'740  to  0*750 ;  the  first  being  soluble  in  10,  the 
latter  9,  parts  of  water, — ^both  are  miscible  with 
alcohol  in  any  proportion.  It  causes  no  alteration 
in  the  colour  of  litmus  or  turmeric  paper.  It  is 
rapidly  volatilized  in  an  open  dish,  at  the  ordinary 
temperature,  without  leaving  a  residue  ;  if  an 
oily  liquid  remains,  smelling  of  fusel  oU  and  pos- 
sessing a  sharp  taste,  this  arises  partiy  from  the 
employment  of  a  very  impure  alcohol,  and  partly 
from,  the  presence  of  a  littie  oil  oi  wine« 
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iETHER  (PURUS)  ALCOHOLATO- 
FEKRATUS. 

Spiriitu  Sulphurico  Ethereus  Martiatus, — Ferruffi' 
noted  Sulphuric  Ether, — Besttuchejftche's  Nervine 
Tincture* 

Formula  :  C4H5O  +  xCiBLOa,  HO,  FeO,  CIH, 

C4H^Cl. 

Preparation. — One  part  of  crystallized  chloride 
of  iron  {Vide  Fb&rxjm  Sesquichloratum)  is  dis- 
solved in  one  part  of  distilled  water,  the  solution 
shaken  for  one  hour  in  a  closed  vessel  with  4  parts 
of  officinal  ether,  then  allowed  to  remain  quietly 
untlL  two  layers  have  formed ;  the  upper  one,  of  a 
golden  yellow  colour  and  equalling  6  parts,  is  de- 
canted and  mixed  with  10  parts  of  alcohol,  of  80 
per  ct.  If  required  colourless,  the  tincture  is  put 
into  small  well-dosed  glasses,  and  placed  in  the 
direct  rays  of  the  sun  until  the  colour  disappears. 

BecapittUation, — ^The  chloride  of  iron  combines, 
after  some  little  time,  with  the  ether,  which  it 
colours  of  a  golden  yellow.  According  to  most 
pharmacopoeias,  the  tincture,  after  the  addition  of  the 
alcohol,  should  be  bleached  by  exposing  to  the  sun. 
This  bleaching  arises  from  the  decomposition  of  the 
salt  of  iron ;  a  portion  of  the  chlorine  being  elimi- 
nated, protochloride  of  iron  is  formed,  which  is  in- 
soluble in  ether  but  remains  dissolved  in  the 
alcohol. 

1  at.  FcsCls,  forms 

2  at.  FeCl,  and  1  at.  CI. 

At  the  same  time,  the  chlorine  decomposes  water  in 
the  sun  light,  hydrochloric  acid  being  formed  and 
oxygen  eliminated. 
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1  at.  CI,  and  1  at.  HO,  form 
1  at.  HCl,  and  1  at.  O. 

The  hydrochloric  acid  thus  formed  reacts  on  a  por- 
tion of  the  alcohol  present,  separating  from  it  the 
elements  of  two  atoms  of  water,  which  it  replaces, 
forming  the  so-called  light  muriatic  ether. 

1  at.  C^HjOj,  and  HCl,  form 
1  at.  C^H^Cl,  and  2  at.  HO. 

Whether,  during  the  decolouration  of  the  tlQcture, 
other  products  of  decomposition  are  formed,  which 
is  not  improbable,  remains  to  be  investigated. 

Properties, — The  tincture  is  a  transparent,  mobile 
fluid,  of  an  agreeable  ethereal  odour  and  inky 
taste.  Its  spec.  gray,  is  from  0*840  to  0*860.  It 
reddens  litmus  paper  powerfully.  In  bottles  par- 
tially filled,  and  in  a  dark  place,  it  becomes  gradu- 
ally green,  then  yellow ;  the  protochloride  of  iron, 
by  abstracting  the  chlorine  from  the  muriatic  ether, 
is  converted  into  the  perchloride,  through  the  action 
of  the  oxygen  of  the  air  in  the  bottle,  acetic  acid 
and  water  being  formed. 

2  at.  FeCl,  1  at.  C4H6CI,  and  5  at.  O,  form 
1  at,  FcgCla,  1  at.  C4H3O3,  and  2  at.  HO, 

If  sulphuretted  hydrogen  causes  a  blackening  in 
the  tincture,  it  contains  copper,  from  the  employ- 
ment of  impure  chloride  of  iron. 


^THER  ACETICUS. 
Acetic  Ether, — Acetate  of  Oxide  of  Ethyl. 

FoBMTJLA  :  C4H5O  +  C4H3O3 = Ae  +  A. 

Preparation. — 3  Parts  of  finely  powdered  sugar  of 
lead  are  put  into  a  glass  retort,  with  a  previously- 
cooled  mixture  of    1    part  of    concentrated    sid- 
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phuric  acid  and  1  part  of  spirit  of  wine,  90  per 
ct.  When  the  salt  is  thoroughly  saturated  and 
well  shaken  up  with  the  spirit,  Uie  retort  is  placed 
in  a  sand  bath,  a  receiver  connected  with  it,  but 
not  quite  air  tight,  by  means  of  bladder,  allowed 
to  digest  for  a  whole  day  with  a  very  gentle  heat, 
and  then  distilled  to  dryness.  The  acid  distillate  is 
shaken  with  some  hydrate  of  lime,  and,  if  it  smells 
of  sulphurous  acid,  with  x>eroxide  of  manganese 
also;  when  neutralized,  it  is  to  be  distilled  until 
}  remains  in  the  retort.  The  product  will  equal, 
or  rather  exceed,  in  weight,  the  alcohol  employed. 

The  common  acetate  of  soda  {vide  Nat&uk  Oxy- 
DATUM  Aceticum)  may  be  advantageously  employed 
for  the  process.  To  1  part  of  concentrated  sul- 
phuric acid  and  1  part  alcohol,  90  per  ct.,  are  added 
1  part  acetate  of  soda  and  ^  part  of  water.  The 
acetate  of  soda  and  water  are  first  put  in  the  retort, 
and  then  the  mixture  of  sulphuric  acid  and  alco* 
hoi ;  then  proceed  as  in  the  former  process. 

To  prepare  anhydrous  acetic  ether,  the  lead  salt 
must  first  be  deprived  of  its  water  of  crystalliza- 
tion by  a  gentle  heat,  and  added  to  the  spirituous 
acid  mixture.  The  acid  distillate  is  then  shaken 
with  J  of  its  volume  of  water,  and  rectified  over 
fused  chloride  of  calcium. 

Recapitulation, — By  mixing  the  alcohol  and  sul- 
phiiric  acid,  exactly  the  same  results  occur  as  have 
been  fully  detailed  under  the  head  of  ^theb  Purus  ; 
viz.  bisulphate  of  oxide  of  ethyl  is  formed ;  when 
this  comes  in  contact  mth  acetate  of  lead,  especi- 
ally in  the  warm,  an  exchange  of  elements  takes 
place,  neutral  sulphate  of  lead,  neutral  acetate  of 
the  oxide  of  ethyl,  and  free  sulphuric  acid  result- 
ing ;  the  neutral  acetate  of  oxide  of  ethyl  is  re- 
moved by  distillation,  leaving  the  sulphate  of  lead 
and  sulphuric  acid  as  a  residue. 
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1  at.  (AeO  +  SO3)  +  (HO  +  SO3),  and  1  at. 

PbO  +  A,  form 

1  at.  PbO  +  SO3,  1  at.  AeO  +  A,  and  1  at. 
SO3  +  HO. 

2370  Parts  of  crystallized  sugar  of  lead  require, 
therefore,  1226  parts  of  hydrated  sulphuric  acid, 
and  640  parts  of  alcohol,  of  90  per  ct.  In  the  quan- 
tities before  given  the  salt  and  alcohol  exceed  this 
proportion,  as  the  liberated  stdphuric  acid  forms 
bisulphate  of  oxide  of  ethyl  with  the  yet  uncom- 
bined  alcohol,  and  at  the  same  time  coming  in  con- 
tact with  the  remainder  of  the  acetate  of  lead,  a 
new  portion  of  acetic  ether  is  produced.  The  dis- 
tillate is  not  a  pure  acetate  of  oxide  of  ethyl,  but 
contains  (dependent  on  the  quantity  of  the  acetate 
of  lead  and  alcohol)  water,  alcohol,  free  acetic  acid 
(formed  by  the  action  of  a  small  portion  of  sul- 
phuric acid  on  the  sugar  of  lead  ;  this  cannot  be 
obviated,  but  is  reduced  by  the  digestion  and  dis- 
tillation to  a  mere  trace),  almost  always  sulphurous 
acid  {vide  the  article  ^ther  Purus),  and  free 
sulphuric  acid,  which  latter,  on  the  temperature  in- 
creasing towards  the  end  of  the  process,  passes 
over.  The  residue,  as  previously  noticed,  contains 
sulphate  of  lead  and  free  sulphuric  acid.  By 
agitating  the  distillate  with  lime  and  peroxide  of 
manganese,  the  &ee  acetic  acid,  sulphurous  acid 
(partly  converted  by  the  oxygen  of  the  manganese 
into  sidphuric  and  hyposulphuric  acids),  and  the 
sulphuric  acid,  combine  with  them,  and  are  retained 
in  the  residue  on  rectification,  whilst  the  neutral 
acetate  of  oxide  of  ethyl,  with  the  alcohol  and 
some  water,  passes  over,  and  constitutes  the  offici- 
nal acetic  ether. 

The  spirit  is  abstracted  by  shaking  this  with 
water,  and  the  water  by  pouring  oflf  the  ether 
which  swims  on  its  surface  and  distilling  it  with 
fused  chloride  of  calcium. 
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The  sulphate  of  lead  formed  may,  after  being 
treated  with  water  to  remove  the  fi;ee  sidphuric 
acid,  be  used  as  a  pigment. 

By  using  the  acetate  of  soda,  exactly  the  same 
results  are  obtained,  excepting  that  instead  of  sul- 
phate of  lead  bisulphate  of  soda  remains,  which, 
when  neutralized  with  lime,  may  be  employed  as 
Glauber's  salts. 

Properties, — Acetic  ether  is  a  transparent  liquid, 
of  a  peculiar  but  agreeable  and  pow^ful  smell  and 
taste.  Its  spec.  gray,  is  from  0*85  to  0*89 ;  yet 
this  is  no  proof  of  its  strength,  as  with  alcohol  and 
water,  in  a  certain  proportion  to  the  pure  ether,  its 
gravity  may  be  as  great  as  when  free  from  either. 
The  latter  dissolves  in  8,  the  former  in  7  parts  of 
water.  If  the  acetic  ether  has  a  lower  spec.  grav. 
than  0*85,  it  contains  free  ether.  It  must  not  affect 
litmus  and  turmeric  papers ;  it  volatilizes  readily 
and  rapidly  at  a  gentle  temperature ;  if  it  leaves  a 
residue  which  is  blackened  by  sulphiiretted  hydro- 
gen, lead  is  present. 

One  part  of  acetic  ether  and  3  parts  of  alcohol, 
80  per  ct.,  form  the  Spiritus  aceticus  aethereus. 


JETHER  MUMATICUS. 

Chloric  JEther, — Heavy  Muriatic  Ether, 

Formula  :   C^H^Clg. 

Preparation, — 1  Part  of  common  salt  and  1  part 
of  peroxide  of  manganese  are  thoroughly  mixed, 
and  put  in  a  retort,  into  which  is  then  potired  a 
previously-cooled  mixture  of  2^  parts  concen- 
trated sulphuric  acid  and  \  a  part  of  alcohol,  of 
90  per  ct.  The  retort  is  placed  in  a  sand  bath, 
connected  with  a  receiver,  and  its  contents  dis- 
tilled to  dryness.    The   acid  distillate  is  digested 
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with  milk  of  lime  imtil,  after  sereral  agitatiouB, 
two  layers  form  on  standing;  and  when  it  no 
longer  gives  an  acid  reaction  the  lower  one  is  drawn 
off,  by  means  of  a  separation  funnel,  from  the 
upper  or  watery  layer  ;  this,  however,  is  sometimes 
reversed,  the  upper  being  the  ethereal  and  the 
lower  the  aqueous  solution,  viz.  when  the  new  dis- 
tillate requires  much  lime  for  its  neutralization,  and 
a  specifically  heavier  solution  of  chloride  of  cal- 
cium is  the  consequence.  When  separated,  it  is 
rectified  over  half  its  weight  of  fused  chloride  of 
calcium.  The  product  is  small,  at  the  most  not 
exceeding  ^  of  the  salt  employed.  Prepared  as 
commonly  directed,  still  less  is  obtained  from  the 
employment  of  too  much  alcohol. 

RecapituUUion, — ^The  mixture  of  sulphuric  acid 
and  alcohol  consists,  as  stated  under  ^theb  Punus, 
in  reality  of  bisulphate  of  oxide  of  ethyl,  but  con- 
tains also  a  considerable  portion  of  free  sulphuric 
acid ;  brought  in  contact  with  a  mixture  of  peroxide 
of  manganese  and  common  salt  (chloride  of  sodium) 
the  manganese  yields  to  the  sodium  half  its  oxygen, 
by  which  protoxide  of  manganese  and  soda  are 
formed,  f  of  this  combine  with  the  free  sulphuric 
acid  present,  and  \  replaces  the  water  of  the  2  atoms 
of  bisulphate  of  oxide  of  ethyl ;  forming  two  double 
salts,  sulphovinate  of  soda  and  sulphovinate  of 
manganese.  These  salts  have  but  a  momentary 
existence,  for  the  chlorine  liberated  from  the  com- 
mon salt  instantly  decomposes  them  into  bisulphate 
of  soda,  neutral  protosulphate  of  manganese,  and 
free  sulphuric  acid,  then  separates  from  oxide  of 
ethyl  the  elements  of  1  atom  of  water  and  replaces 
them,  forming  with  the  other  elements  of  oxide  of 
ethyl,  chloric  ether,  as  follows : — 
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2  at.  CJLO^  and  4  at.  SO3  +  HO,  form 
2  at.  (AeO  +  SO3)  +  (HO  +  SO3)  and  4  at.  HO  ; 

then, 

2  at,  (AeO  +  SO;0  4.  (HO  +  SO;0  9  at.  SO3  +  HO, 

4  at.  NaCl,  and  4  at.  MnO.^,  form 

3  at,  (NaO  +  SO3)  +  (HO  +  SO3),   3  at.  (MnO  + 

SO3),    1  at.  (AeO  +  S03)  +  (NaO  +  S03), 

1  at.   (AeO +  803)  + (^0+803),   8  at. 

HO,  and  4  at.  CI ; 
and, 
1  at.  (AcO  +  SO3)  +  (NaO  +  SO3),  1  at.  (AeO  + 

SO  0  +  (MnO  +  SO3),  and  4  at.  CI,  form 
1  at.  (NaO  +  SO ,)  +  (HO  +  SO3),  1  at.  MnO  +  SO3, 

1  at.  (SO3  +  HO),  and  2  at.  C4H4Cla. 

Altogether  we  require  for  the  entire  decomposition 
2  at.  alcohol,  12  concentrated  sulphuric  acid,  4 
chloride  of  sodium,  and  4  peroxide  of  manganese ; 
or  1280  parts  of  alcohol  at  90  per  ct.,  7356  parts  of 
hydrated  sulphuric  acid,  2932  chloride  of  sodium, 
and  2180  peroxide  of  manganese,  which  nearly 
agrees  with  the  above  relations,  only  that  rather 
more  manganese  is  ordered  to  allow  for  the  impuri- 
ties it  contains,  and  a  slight  excess  is  not  important* 
It  must  be  expressly  remarked  that  this  process 
does  not  go  on  so  evenly  as  above  related,  tor  the 
product  which  should  at  least  equal  the  alchol  used, 
is  in  fact  only  a  fourth  of  it,  and  this  arises  from 
the  formation  of  other  products  of  decomposition,  as 
Chloretheral,  C4H4CIO ;  Carbonic  Acid ;  Acetic  Acid 
=  C4H3O3 ;  Formic  Acid,  C2HO3,  together  with  an 
ethereal  substance,  and  a  large  proportion  of  Aldehyde 
B  C4H4O2  ;  being  so  complicated  as  to  render  it  cUffi* 
cult  to  give  a  stochiometrical  formula.  I  have  there* 
fore  preferred  noticing  only  the  origin  of  the  principal 
products.  By  the  direct  action  of  a  small  portion  of 
sulphuric  acid  in  common  salt,  &ee  muriatic  acid  is 
formed  ;  this,  together  with  other  acids  produced,  is 
neutralized  and  removed  by  milk  of  lime,  the  watec 
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of  which  also  absorbs  the  alcohol  and  a  great  por- 
tion of  the  aldehyde :  the  whole  of  the  latter  how- 
ever cannot  be  entirely  removed.  Chloride  of  cal- 
cium abstracts  &om  it  the  last  portion  of  water. 

Properties, — Pure  chloric  ether  is  a  colourless, 
oleaginous  liquid,  of  an  agreeable  penetrating  odour 
and  aromatic  taste,  having  a  spec.  grav.  of  1*256. 
Alcohol  and  ether  mix  with  it  in  every  proportion, 
whilst  water  takes  up  only  a  small  quantity.  It 
must  have  no  action  on  vegetable  colours,  and  en- 
tirely volatilize  when  warmeid. 


iETHER  NITROSUS. 

j^ther  NUricua, — Nitrite  of  Oxide  of  Ethyl,— ^ 

Nitric  Ether, 

Formula  :  C4H5O  +  NO3  =»  AeO  +  NO3. 

Preparation, — In  a  cylindrical  vessel  6  or  8  times 
higher  than  wide  are  poured  10  parts  of  fuming  nitric 
acid,  spec.  grav.  1*52 ;  on  this,  taking  care  that  the 
two  fluids  do  not  mix,  3  parts  of  water,  and  on  the 
latter  with  the  same  precaution,  16  parts  of  alcohol 
of  90  per  ct.  The  glass  is  tied  over  with  moist  blad- 
der, having  a  small  needle  puncture  in  it,  and  set  in 
a  cool  place,  in  summer  in  a  vessel  of  cold  water. 
The  yellow  colour  of  the  acid  gradually  changes  to 
green,  then  blue,  and  finally  losing  this  the  two  lower 
layers  are  colourless,  with  the  spirituous  one  above 
of  a  straw  colour.  So  soon  as  this  point  is  attained 
(possibly  in  about  three  weeks  time),  the  upper 
yellow  Uquid  is  drawn  off  with  a  syphon  and  treated 
with  milk  of  lime  until  it  loses  its  acid  reaction ; 
it  is  then  allowed  to  settle,  the  upper  lighter  yellow 
fluid  is  separated  from  the  saline  solution  beneath, 
and  rectified  to  about  j  in  an  apparatus  through 
which  during  the  distillation  a  continuous  stream  of 
carbonic  acid  is  passed.    For  this  purpose,  the  exit 
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tube  of  the  vessel  in  which  the  gas  is  washed  is 
luted  into  the  tubulos  of  the  retort,  the  latter  not 
hsTing;  an  air-tight  connection  with  the  receiyer. 
The  distillate  should  instantly  be  put  into  aa  air- 
tight bottle  that  must  be  quite  full.  Jt  will  equal 
about  half  the  weight  of  the  alcohol  employed. 

Jiecapittdation, — ^e  hare  already  shown  under 
the  article  ^tiieb  Pubus,  that  alcohol  is  a  hydrate 
of  oxide  of  ethyl,  having  the  composition  C4H5O  + 
IIC).  Under  ordinary  circumstances  nitric  acid  will 
not  combine  with  this  oxide  (of  ethyl),  but  losing 
2  at.  of  oxygen,  enters  into  combination  with  it  as 
nitrous  acid. 

1  at.  C4H„02  and  1  at.  NO5,  form 

1  at.  C4H4O  +  NO3,  1  at.  HO,  and  2  at.  O. 

These  2  latter  atoms  of  oxygen  are,  however,  not 
evolved  free,  but  acting  on  another  portion  of  alcohol 
abstracts  from  it  2  at.  of  hydrogen,  forming  2  at.  of 
water  and  a  new  body,  the  so-called  aldehyde  (de- 
hydrogenized alcohol)  «C4H40s. 

1  at.  C^HeOj  and  2  at.  O,  form 
1  at.  C4H4O2  and  2  at.  HO. 

For  788  parts  of  hydrated  nitric  acid  1280  parts  of 
alcohol  of  90  per  ct.  are  requisite.  The  hyponitric 
acidBN04,  in  the  fuming  acid  somewhat  diininishes 
the  quantity  of  aldehyde  formed,  as  it  has  only  to 
lose  1  at.  of  oxygen  to  become  converted  into  nitrous 
acid.  Besides  nitric  ether,  aldehyde  and  water. 
Carbonic,  Acetic,  Formic,  and  Oxalic  acids  separate 
as  secondary  products.  In  order  to  prevent  too 
violent  an  action  of  the  acid  on  the  alcohol  they  are 
separated  by  a  layer  of  water  and  allowed  to  mix  in 
the  cold.  The  change  of  colour  in  the  acid  from  yel- 
low to  green  and  then  blue  is  owing  to  a  portion  of 
the  hyponitric  acid  becoming  converted  into  nitrous 
(having  a  blue  appearance)  and  nitric  acids  on  coming 
in  contact  with  the  water. 
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2  at.  NO4,  form 

1  at.  NO3  and  1  at.  NO5 ; 

the  blue  nitrous  acid  and  the  yet  unaltered  yellow 
hyponitric  acid  form  a  green,  allowing;  the  blue  to 
become  apparent  only  on  the  entire  decomposition 
of  the  latter  acid. 

The  agitation  with  milk  of  lime  is  to  effect  the 
neutralization  of  free  nitric  acid,  &c.  The  salts 
thus  formed,  with  the  free  alcohol  and  most  of  the 
aldehyde,  will  then  be  retained  by  the^water  of  the 
milk  of  lime.  A  portion  of  aldehyde,  however, 
remains  stubbornly  combined  with  the  nitric  ether.* 
It  is  necessary  to  rectify  it  in  an  atmosphere  of  car- 
bonic acid,  otherwise  the  oxygen  of  the  air  in  the 
apparatus  would  mix  with  it  and  cause  the  forma- 
tion  of  free  nitric  acid. 

Properties, — Nitric  ether  is  a  straw  coloured  fluid 
of  a  strong  agreeable  ethereal  taste  and  smell,  re- 
sembling apples.  Its  spec.  gray,  is  0*886.  It  is 
excessively  volatile,  more  so  than  sulphuric  ether, 
and  boils  at  70**  Fah.  It  is  soluble  in  48  parts  of 
water,  and  with  alcohol  in  any  proportion.  It  can- 
not long  be  kept  without  decomposition,  rapidly 
acquiring  when  in  contact  with  the  air  an  acid  re- 
action, by  which  nitric  acid,  acetic  acid  (from  the 
aldehyde),  and  probably  other  products  of  oxidation 
also  are  formed. 


iETHER  NITROSUS  ALCOHOLATUS. 

Spirittis  Nitro  Etheriua, — Spiritua  Nitri  DtUcis, — 
Spirittis  Etheris  Nitric, — Sweet  Spirits  of  Nitre, 

Formula  :  (AeO  +  NO3)  +  xC^HeO.^,  HO. 

Preparation, — It  is  obtained  by  distilling  a  mix- 
ture of  alcohol  and  nitric  acid.     24  Parts  of  alcohol 

*  By  passing  the  gas  formed  on  boiling  nitric  acid  with  starch 
into  alcohol,  an  ether  containing  aldehyde  is  still  formed,  the 
gas  obtained  in  this  case  not  being  nitrous,  but  hyponitric  add. 
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80  per  ct.  (spec.  grav.  0*840)  are  commonly  pre- 
Bcribed  to  6  parts  of  acid,  spec.  gray.  1*20.  It  is  dis- 
tilled in  a  sand  bath  or  over  a  naked  fire,  until  20 
parts  have  passed  over;  lime  is  then  added  and 
shaken  with  it  so  long  as  it  reddens  litmus  paper ;  the 
neutral  fluid  poured  from  the  excess  of  lime  is  now 
rectified  to  a  small  residue,  and  to  exclude  the  ex- 
ternal air  the  space  between  the  retort  and  receiver 
must  be  tighdy  connected  by  bladder  in  which 
there  are  only  a  few  needle  punctures  to  allow  the 
air  contained  in  the  receiver  to  escape.  About  18 
parts  of  sweet  spirits  of  nitre  are  obtained,  which 
must  be  at  once  put  into  3  or  4  ounce  bottles,  well 
filled  and  stopped. 

BecapittUation, — ^This  is  entirely  the  same  as  in 
the  formation  of  nitric  ether,  viz.,  chiefly  nitrite  of 
oxide  of  ethyl  and  aldehyde  are  formed ; 

1  at.  NO5  and  2  at.  C4Hg02,  form 

1  at.  C4H5O  +  NO3,  1  at.  C4H4O2,  and  3  at.  HO, 

which  remain  dissolved  in  the  excess  of  alcohol. 
This  preparation  is  distinguished  from  nitric  ether 
by  containing  aldehyde  (which  is  mostly  separated 
fi:om  the  latter  by  washing)  as  well  as  alcohol.  Be- 
sides the  secondary  products  named,  ammonia  is 
formed  by  the  action  of  nitric  acid  on  alcohol  during 
the  distillation,  and  remains  combined  with  the  acid 
in  the  retort ;  also  hydrocyanic  acid,  which  passes 
over,  but  is  neutralized  and  separated  on  treating 
with  lime.  Of  course  the  Cyanide  of  Calcium  formed 
is  decomposed  in  the  subsequent  rectification, 
but  I  have  never  found  prussic  acid  in  the  distillate. 
The  reason  for  keeping  it  in  several  small  glasses  is 
to  prevent  the  whole  stock  from  becoming  acid  at 
once  from  frequent  exposure  to  the  air. 

Properties, — Spirit  of  nitric  ether  is  an  almost 
colourless  (it  has  a  slightly  yellow  tint)  fluid  of  a 
similar  taste  and  smell  as  the  nitric  ether,  but  less 
powerful,  and  a  spec.  grav.  0*840  to  0*850.  By  evapo- 
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ration  widi  a  gentle  heat,  it  giyes  no  reridne.  Its 
ready  deoompoeition  in  contact  with  air  is  the  rea* 
son  of  its  acquiring  in  a  short  time  an  acid  reaction 
in  bottles  not  properly  filled,  nitric  and  acetic  acids 
forming.  When  this  has  not  proceeded  far  enough 
to  giye  an  efienrescence  with  carbonate  of  potash,  it 
is  not  worth  noticing.  If  nitric  acid  containing 
muriatic  has  been  used,  the  preparation  will  not  be 
free  from  chloric  ether,  and  this,  when  shaken  with 
nitrate  of  silver,  causes  a  white  precipitate  of  chloride 
of  silyer,  becoming  yiolet  on  exposure  to  ihe  light. 
Hydrocyanic  acid  will  also  cause,  with  a  silver  solu- 
tion, a  white  precipitate,  which,  when  heated  to 
redness  in  a  porcelain  crucible,  is  decomposed  into 
cyanogen  and  pure  silver ;  this  being  entirdy  soluble 
in  nitric  add  may  thus  be  separate  from  the  inso« 
luble  chloride  of  silver. 


ALDEHYDUM. 

Alcohol  dehydrogenatum, — Aldehyde, 
FOBMITLA  :  C^H^O,. 

Preparation, — 3  Parts  of  powdered  peroxide  of 
manganese,  and  3  parts  of  concentrated  su^huric  acid, 
previously  diluted  v^th  2  parts  of  water,  are  with 
2  parts  of  alcohol  of  90  per  ct.  poured  into  a  retort, 
the  latter  placed  in  a  sand  bath,  connected,  but  not 
quite  air-tight,  with  a  receiver  to  be  kept  quite  cool, 
and  distilled  until  2\  parts  have  passed  over.  The 
distillate  is  then  rectified  in  a  water  bath  with  its 
own  weight  of  anhydrous  chloride  of  calcium  to 
one  half;  and  this  is  again  repeated,  so  that  now 
only  \  a  part  of  liquid  is  obtained.  This  last  dis- 
tillate is  mixed  wiUi  twice  its  volimie  of  ether,  snd 
gaseous  ammonia  (obtained  from  equal  parts  of  sal 
ammoniac  and  hydrate  of  lime)  conducted  into  it 
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until  it  smells  strongly  of  ammonia.  During  the 
absorption  of  the  gas  the  liquid  becomes  turbid ; 
after  standing  quiefly  for  twelve  hours  in  a  well- 
closed  vessel,  the  sides  and  bottom  of  the  latter  will 
be  found  covered  with  a  quantity  of  colourless  rhom- 
boidal  crystals  ;  which  increase  on  standing.  It  must, 
however,  not  be  allowed  to  remain  too  long,  other- 
wise the  crystalline  compound  is  again  decomposed, 
but  after  from  8  to  14  days  the  mother  liquor  is 
poured  off  the  crystals ;  the  latter  are  washed  a  few 
times  with  ether,  dried  between  blotting  paper,  dis- 
Bolved  in  their  weight  of  water,  the  solution  poured 
into  a  retort  already  containing  a  cooled  mixture  of 
1^  parts  of  sulphuric  acid  (to  1  part  of  crystals)  and 
2  parts  of  water,  the  retort  placed  in  a  water  bath 
connected  with  a  receiver,  and  gently  warmed ;  so 
soon  as  the  water  in  the  bath  boils  the  distillation 
must  be  discontinued.  The  distillate,  hydrated 
aldehyde,  must  be  rectified  from  its  own  weight  of 
fused  chloride  of  calcium.  In  order  to  prevent  too 
strong  a  heat  &om  occurring  when  the  hydrated 
aldehyde  comes  in  contact  wiSi  the  fused  chloride 
of  calcium,  and  thus  occasion  a  loss,  the  fused  salt 
is  first  placed  in  a  tubulated  retort,  luted  to  a 
receiver,  the  retort  placed  in  cold  water,  ice,  or 
snow,  and  the  liquid  poured  in  small  portions 
through  a  long-necked  funnel,  fitted  to  the  tubulus 
of  the  retort  with  a  cork ;  the  tubulus  is  then 
entirely  closed,  the  retort  placed  in  a  water  bath 
and  warmed  very  gently.  A  second  rectification 
from  chloride  of  calcium  will  remove  the  last  trace 
of  water.  The  yield  is  very  trifling.  I  obtained 
only  ^  of  the  weight  of  alcohol  used. 

RecapituUUion, — By  the  combined  action  of  sul- 
phuric acid,  peroxide  of  manganese  and  alcohol, 
several  products  result,  principally  however  the 
so-called  aldehyde ;  the  oxygen  of  the  manganese, 
which  is  liberated  by  the  sulphuric  acid,  combines 
with  2  at.  of  hydrogen  of  the  alcohol  to  form  water. 
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the  other    elements    of  the    alcohol   constituting 
aldehyde. 

2  at.  MnOj,  2  at.  SO3  and  1  at.  CJlfii*  form 
2  at.  MnO  +  SO3,  2  at.  HO,  and  1  at  C^H^Oj. 

The  other  secondary  products,  which  invariably 
accompany  this  decomposition  of  the  alcohol,  are 
Carbonic  acid.  Formic  acid,  Formic  ether,  Acetic 
acid.  Acetic  ether,  and  traces  of  pure  ether.  The 
raw  distillate  is  distilled  several  times  over  chloride 
of  calcium,  to  abstract  the  water,  and  to  remove 
these  other  compounds  it  is  treated  with  ammonia, 
with  which  it  forms  a  crystalline  compound 
(NH3  +  C4H4O2).  The  ether  is  employed  to  prevent 
the  too  ready  absorption  of  the  gas,  and  the  forma- 
tion of  a  crystalline  pasty  mass  which  would  render 
its  entire  saturation  difficult.  From  the  above  com- 
pound sulphuric  acid  separates  aldehyde  which 
distils,  and  forms  bisulphate  of  ammonia,  which 
remains  behind.  Finally,  chloride  of  calcium  frees 
the  aldehyde  from  adhering  water. 

Properties. — Pure  aldehyde  is  a  colourless  mobile 
fluid,  of  a  spec.  grav.  0*790,  boiling  at  7l°Fah.,  and 
possessing  a  peculiar  penetrating  ethereal  odour. 
It  mixes  in  every  proportion  with  water,  alcohol, 
and  ether;  has  neither  an  acid  nor  an  alkaline 
reaction  ;  and  in  contact  with  oxygen  (as  when  kept 
in  vessels  only  partially  full)  is  converted  gradually 
into  acetic  acid  and  water. 

1  at.  C4H4O2  and  2  at.  O,  form 
1  at.  C4H3O3  and  1  at.  HO. 
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ALCOHOL  (PURUM). 
AbsoltUe  Alcohol, — Anhydrous  Alcohol, 

FOHMTTLA  :     C4H6O2. 

Preparation, — A  copper  Btill,  having  a  tin  head 
and  worm  pipe,  is  three  parts  filled  with  spirits  of 
"wine,  of  about  80  per  ct.,  as  obtained  at  distillers ; 
to  this  is  added,  during  constant  stirring  with  a 
wooden  stirrer,  one-third  of  its  weight  of  fused 
coarsely-powdered  chloride  of  calcium,  and,  after 
well  luting  on  the  head,  distilled  with  a  gentle  fire 
until  seyen-eighths  of  the  spirit  has  passed  over ; 
the  receiver  is  now  changed,  and  the  fire  kept  up 
whilst  the  distillate  has  a  spirituous  taste,  which 
cannot  be  very  long.  K  the  last  portion  should  be 
as  strong  as  the  first  seven,  of  course  it  may  after- 
wards be  mixed  with  them. 

To  the  stronger  alcohol  thus  obtained  is  added, 
in  the  same  manner,  one-half  of  its  weight  of 
coarsely-powdered  fused  chloride  of  calcium,  and 
distilled ;  when  one-seventh  has  passed  over  change 
the  receiver,  and  again  when  five-sevenths  have  dis- 
tilled, then  continue  the  fire  until  only  water  is  ob- 
tained. The  first  and  third  portions  will  be  of 
about  97 — 98  per  ct. ;  the  second  and  largest  por- 
tion will  be  aiSiydrous.  8  Parts  of  alcohol,  of  80 
per  ct.,  yield  about  6  parts  of  anhydrous. 

EecapittUation, — ^The  use  of  the  fused  anhydrous 
chloride  of  calcium,  =CaCl,  in  dehydrating  the 
spirit,  consists  in  the  property  which  it  possesses  of 
combining  with  2  at.  of  water  with  such  force  that 
they  can  only  be  expelled  at  a  red  heat.  One 
would  suppose  that  with  a  larger  quantity  of  chlo- 
ride of  calcium  the  whole  of  the  water  should  be 
abstracted  by  one  distillation  ;  this,  however,  is  not 
the  case,  it  being  necessary  that  the  spirit  shall  first 
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reach  a  particular  strength  before  it  will  part  with 
its  last  atom  of  water.  The  first  portion  of  the 
distillate  is  alcohol,  of  90  per  ct.  (spec.  grav.  0-818), 
which  is  applicable  to  many  purposes,  as  the  manu- 
facture of  ether,  &c.  We  will  now  endeavour 
theoretically  to  explain  the  formation  of  alcohol  of 
90  per  ct.  by  the  distillation  of  that  at  80  per  ct., 
with  one-third  of  chloride  of  calcium.  20  Per  ct. 
water  in  alcohol  is  equivalent  to  1^  atoms;  the 
composition  of  such  an  alcohol  may  therefore  be 
expressed  as  » 3C4HSO2  +  4H0.  To  take  up  half 
this  water,  viz.  2  at.,  reqiures  1  at.  diloride  of  cal- 
cium, whilst  spirit,  still  combined  With  2  at.  of 
water,  remains. 

3  at.  C4H6O2,  4  at.  HO,  and  1  at.  CaCl,  form 
1  at.  Caa+  2H0,  3  at.  CiHeO^,  and  2  at.  HO. 

2160  Parts  of  80  per  ct.  alcohol  require,  for  this 
purpose,  693  parts  of  chloride  of  calcium,  or  to  3 
of  tiie  fi^t  1  of  the  latter.    To  abstract  the  other 
10  per  ct.  by  a  second  distillation  an  excess  of  chlo- 
ride of  calcium  is  required,  in  order  to  overcome 
the  affinity  existing  between  alcohol   and  water. 
Now,  however,  occurs  a  peculiarity  which  makes 
it  necessary  to  divide  the  second  distillate.    Abso- 
lute alcohol  boils  at  168*36<»  Fah.,  alcohol  of  97  or 
98  per  ct.  at  168*08**  Fah. ;   consequenUy  the  first 
or  most  volatile  portions  cannot  be  anhydrous,  and 
unless  this  precaution  of  separating  the  first  portion 
of  the  distillate  be  attended  to,  no  quantity  of  the 
chloride  of  calcium  will  ensure  an  anhydrous  pro- 
duct.    Of  the  range  between  94  and  100  per  ct., 
alcohol  of  97  or  98  per  ct.  is  the  most  volatile,  ab- 
solute alcohol  not  being  more  volatile  than  that  at 
94  per  ct. ;  and  it  is  only  the  stUl  greater  affinity 
of  chloride  of  calcium  for  water  that  causes  the 
alcohol  to  yield  it  up  to  it. 

Properties, — The  most  important  test  of  spirit  of 
wine  is  its  content  of  anhydrous  alcohol,  which  is. 


> 


148  ALCOHOL  (pUBUM). 

learned  from  its  specific  gravity.  Anhydrous  alcohol 
has  a  spec.  grav.  of  0*792 ;  it  is  only  to  be  obtained 
of  this  strength  by  repeated  treatments  with  chlo- 
ride of  calcium,  and  as  it  attracts  water  with  the 
greatest  avidity,  must  be  kept  in  bottles  very  care- 
fully closed.     The  spec.   grav.  of  the  alcohol  of 
98—99  per  ct.  is  0-798.     Should  the  distillation  have 
been  too  violent,  a  portion  of  the  chloride  of  calcium 
may  have  been  carried  over  by  the  vapour  of  the 
alcohol,  in  which  case  the  distillate  ynil  yield,  vnth 
nitrate  of  silver,  a  white  precipitate  of  chloride  of 
silver,  becoming,  by  exposure  to  the  light,  of  a 
violet  colour.     It  may  also  contain  the  ordinary 
impurities  of  spirit  of  vtine  and  brandy,  as  Fuselol, 
Acetic   acid,    or  Copper.       Fuselol,    which  forms 
during  the  fermentation  of  the  com  or  potatoes, 
and  exists  in  all  raw  spirit,  is  known  by  its  highly 
repulsive  odour,  that  is  pCTceptible  on  rubbing  the 
spirit  between  the  hands.    The  alcohol  of  the  spirit 
evaporates  first,  and  thus  no  longer  masks  the  scent 
of  the  fuselol.      This  alcohol  mixed  with  much 
water  becomes  turbid  from  the  separation  of  the 
fuselol,  and  in  such  a  mixture  the  smell  of  fuselol 
is  far  more  readily  perceptible  than  in  the  alcohol 
alone.      A  still  more  certain  method  of  detecting  it 
is,  to  add  a  few  drops  of  caustic  potash  to  two  or 
three  ounces  of  alcohol,  evaporate  slowly  to  about 
a  quarter  of  an  ounce,  and  add  to  this  residue  a 
little  drop  or  two  of   dilute  sulphuric  acid ;   the 
penetrating  odour  of  the  fuselol  will  now  be  evi- 
dent, should  any  be  present.    The  caustic  potash 
combines  viith  the  fuselol,  and  prevents  it  evapo- 
rating v^th  the  alcohol ;  from  this  combination  it 
is  set  free  by  the  sulphuric  acid.    A  reddish  colour, 
on    the  addition  of   nitrate    of   silver  to   alcohol 
(arising  probably  from  the  reduction  of  silver),  is 
also  a  sign  of  the  presence  of  fuselol.       Acetic  add 
arises  from  the  oxydation  of  the  alcohol  whilst  Tery 
dilute  and  exposed  to  a  temperature  aboye  that  ok 
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the  atmosphere;  it  will  also  generally  be  formed 
with  fiiselcd,  during  the  fermentation.     If  ever  so 
small  a  quantity  of    acetic  add  is  present,  not 
enough  to  colour  litmus  red,  yet  on  adding  to  a  few 
ounces  of  alcohol  some  grains  of  carbonate  of  lime, 
eviqwrating  at  a  low  temperature,  almost  to  dry- 
ness, and  adding  a  few  drops  of  concentrated  siU- 
phuric  add,  the  smell  of  acetic  acid  is  instantly 
eyolyed.       Copper  is  found  in  the  alcohol  when  the 
latter  contains  free  acetic  acid  and  has  been  dis- 
tilled in  an  apparatus  with  a  copx>er  worm.    If  this 
is  the  case,  the  alcohol,  after  concentrating  con- 
siderably by  eyaporation,  will  yield,  with  ferrocy- 
anide  of  potassium,  a  reddish  colour,  or  a  choco- 
late-coloured turbidity ;  (Vide  Acid.  Acet.) 

Additional  Remarks, — The  different  spirits  of 
wine  in  most  common  use  are  arranged  according  to 
their  degree  of  concentration,  as  follows  : — 

1. — ^Absolute  or  Anhydrous  Alcohol ;  Alcohol 

Absolutum,  spec.  grav.  =0*792 — 0*798. 
2. — ^Alcohol  of  90  per  ct. ;  Spiritus  Vini  Alco- 

holisatus,  spec.  gray.  :=  0*818. 
3. — ^Alcohol  of  80  per  ct. ;  Spiritus  Vini  Recti- 

ficatissimus,  spec.  grav.  0*840. 
4. — Alcohol  of  60  per  ct. ;  Spiritus  Vini  Recti- 

ficatus,  spec.  gray.  0*880. 
5. — Alcohol  of  40  per  ct. ;    Spiritus  Frumenti, 

spec.  grav.  0*925. 


ALUMINUM   OXYDATUM  SULPHURICUM. 

Argilla  Sulphwica. — Alumina  Sulphurica, — 
Sulphate  of  Alumina. 

Formula  of  the  Anhydrous  :   AI2O3  +  3SO3. 

Formula  of  the  Crystallized  :  AL^Og  +  3SO3  + 

18H0. 

Preparation, — 3  Parts  of  alum  arc  dissolved  in  60 
parts  of  warm  water,  Liquor  ammonia  is  added  to 
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the  solution,  when  cool,  so  long  as  a  precipitate 
forms,  (about  2  parts  of  ammonia,  of  spec.  grav. 
0*960) ;  the  liquid  is  freed  from  the  adhering  salts 
by  decantation,  placed  on  a  linen  strainer,  after- 
wards in  a  porcelain  dish,  warmed,  and,  with 
stirring,  dilute  sulphuric  acid  is  added  to  the  pasty 
mass  imtil  it  is  entirely  dissolved ;  for  this  purpose 
rather  more  than  3^  parts  of  dilute  acid  are  re- 
quisite. If  necessary  the  solution  is  filtered,  and 
either  crystallized,  or,  as  this  is  somewhat  difficult, 
slowly  evaporated  to  dryness  in  a  sand  bath.  It 
yields  rather  more  than  2  parts  of  crystallized  or  1 
of  dried  sulphate  of  alumina. 

BecapittUation, — Alum  (we  will  in  this  case  take 
potash  alum)  is  decomposed  by  caustic  ammonia, 
80  that  the  alumina  separates,  combined,  however, 
with  1  at.  of  sulphuric  acid  and  9  at.  of  water,  2 
at.  of  sulphate  of  ammonia  being  formed,  which 
remain  vnXh  the  sulphate  of  potash  of  the  alum,  in 
solution. 

1  at.  KO  +  SO3AI2O3  +  3SO3,  24HO,  and 

2NH3,  form 
1  at.  AljOg  +  SO3  +  9H0,  2  at.  NH^O  +  SO3, 

1  at.  KO  +  SO3,  and  13  at.  HO. 

5932  Parts  of  alum  require  426  parts  of  anhydrous, 
or  4260  parts  of  hydrated  ammonia,  of  0*960  spec, 
grav.  (containing  about  -f^  of  anhydrous)  for  its  de- 
composition. In  order  to  re-dissolve  this  precipi- 
tate, AI2O3  +  SO3  +  9H0,  2  at.  of  sulphuric  acid, 
=  1000  or  1225  hydrated  sulphuric  acid  (SO3  +  HO), 
or  7350  dilute  sulphuric  acid  (containing  ^  of  hy- 
drate of  sulphuric  acid)  are  necessary. 

Properties. — Neutral  sulphate  of  alumina  crys- 
tallizes with  difficulty,  forming  white,  shining, 
pearly  plates,  which  are  odourless,  of  a  sweetish 
astringent  taste,  and  soluble  in  2  parts  of  water. 
Dried,  it  forms  a  white  crystalline  powder,  which 
does  not  abstract  moisture  from  the  air,  and  requires 
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rather  more  than  4  parts  of  cold  water  for  its  solu- 
tion. The  crystallized  salt  when  warmed  fuses  in 
its  water  of  crystallization  which  gradually  evapo- 
rates, whilst  at  a  higher  temperatxire  (red  heat), 
the  sulphuric  acid  also  is  evolved  leaving  pure  alu- 
mina. Its  solution  must  give  no  precipitate  with 
chloride  of  barium  nor  a  blue  one  with  ferrocyanide 
of  potassium ;  the  first  would  be  due  to  sulphuric 
acid,  the  latter  to  iron.  Besides  these  impurities,  it 
may,  if  not  carefully  washed,  also  contain  ammonia 
which  is  readily  detected  by  the  smell  evolved  when 
treated  with  caustic  potash  solution.  Potash  is  de- 
tected by  precipitating  with  excess  of  ammonia,  fil- 
tering, evaporating  the  solution  to  dryness  and 
heating  to  redness  :  any  residue  is  then  treated  with 
water,  filtered  and  supersaturated  with  tartaric  acid 
when  potash  would  yield  a  crystalline  granular  pre- 
cipitate of  bitartrate  of  potash. 


AMMONIACUM  CAUSTICUM  AQUOSUM. 

Liquor  Ammonii  Caustici. — Caustic  Ammonia, — 
Liquor  Amfnonia, — Solution  of  Ammonia, 

Formula:  NHg  +  xHO. 

Preparation. — ^In  a  copper  still,  having  a  tin  head 
and  worm,  are  placed  3  parts  of  burnt  lime,  which 
is  then  sprinkled  with  1  part  of  common  water  ;  this 
still  is  now  covered  until  the  lime  has  slaked  and 
cooled,  after  which,  3  parts  of  coarsely  powdered 
sal  ammoniac  and  2  parts  of  water  are  added,  and 
the  whole  well  stirred  up  with  an  iron  spatula  until 
a  uniform  pasty  mass  is  obtained  ;  the  head  is  then 
adjusted  and  well  luted.  To  the  exit  hole  of  the 
worm  is  tightly  fixed,  by  a  double  bladder,  a  tubu- 
lated bottle  or  flask  (or  a  Wolfs  bottle),  in  the  tu- 
bidus  of  which,  by  means  of  a  perforated  cork,  is 
fixed  a  leaden  pipe,  the  other  end  of  which  reaches 
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nearlf  to  the  bottom  of  a  glasi  globe  containiiig  4^ 
parts  of  distilled  water,  and  coimected,  but  not 
quite  air-tight,  by  means  of  bladder.  Ttie  globe  is 
^aced  in  a  tab  or  othei  suitable  vessel,  fire  applied 
to  the  still,  and  io  soon  as  the  evolution  of  gas  com' 
mences  a  constant  stzeam.  of  water  ia  passed,  hj 
means  of  a  metal  pipe,  la  the  bottom  of  tlie  tub ; 
the  heated  warm  water  escaping  over  the  upper 

The  appsrattia  is  depicted  in  the  following  wood- 


fa)  is  the  worm  tub,  (4)  tte  eiit  end  of  the  worm, 
(c)  the  tubulated  receiver,  &c.  Together  with  the 
gas,  some  solution  of  ammonia  will  escape  and  be 
collected  in  (o).  The  greatest  attention  must  be 
paid  to  the  fire  which  should  on  no  account  be 
withdrawn,  otherwise  tlie  liquid  in  globe  (e)  will 
quickly  be  absorbed  into  the  flask  (c).  When  the 
[as  passes  over  more  slowly,  the  fire  is  somewhat 
ncreased,  and  on  no  more  bubbles  appearing,  the 
'deaden  tube  is  withdrawn  from  the  globe  and  ^^ced 


n  «  bottle  coDtaining  from  i  a  poond  to  1  pouuil  of 
distilled  water  ;  the  fire  is  continued  until  the  con- 
tCQla  of  the  flaak  (c)  equals  fram  IJ  to  2  porta.  The 
contents  of  the  globe  mixed  with  eo  much  distillfd 
water  as  will  bring  it  to  a.  spec.  grav.  U'SeO  will  be 
about  7i  parts,  and  tlmt  in  the  receiver  (c)  brought 
totheEBmespec.graT.  about  21  parts;  the  two  liquids 
are  not  mixed,  that  in  (e)  being  the  purest ;  the  eon- 
tents  of  (c)  are  gpnemlly  turbid,  but  become  bright 
on  Htanduig,  and  may  be  decsntied  from  the  deposit 
formed. 

Instead  of  a  copper  still,  a  cast-iron  pflonched  pot 
may  be  employed,  on  whieh  is  fixed  by  means  of 
screws,  au  iron  cover  with  a  short  iron  tube  fitted 
in  it,  which  maj  be  lengthened  by  means  of  a  lead 
pipe.  If  the  ammonia  is  required  only  in  small 
quantities,  the  lime  may  be  slaked  ivith  half  its 
weight  of  water  in  an  iron  pot,  quickly  mixed  with  the 
powdered  sal  ammoniac,  put  into  a  Hask,  the  latter 
placed  in  a  sand  bath,  connected  with  a  leaden  or 
glass  tube,  and  the  process  conducted  us  ubovc, 

JUeapilidatuai. — Sal    ammoniac    consists    of    an 

equitaient  of  ammonium  (NH,)  and  chlorine  =  KU, 

CI.     Lime  (oxide  of  calciuiii  =  CuO)  deconipoaes  it, 

fbrming  chloride  of  calciujn,  water,  and  ammonia. 

1  at.  NH,C1  and  1  at.  UaO,  form 

I  at.  CaCl,  1  at.  HO,  and  1  at.  NH^. 

668  Parts  require  only  350  parts  of  lime,  but  equal 
parts  ere  prescribed,  as  in  the  first  place  the  lime 
may  not  be  quite  pure,  and  the  excess  will  also  in- 
sure a  more  certain  contact  with  the  sal  ammoniac ; 
for  this  reason  more  water  is  ordered  than  is  neces- 
aary  to  slake  the  lime,  viz.  sufficient  to  convert  the 
whole  into  a  thick  paste.  The  slaking  of  the  lime 
(which  is  thus  converted  in  a  convenient  manner  into 
an  extremely  fine  powder)  is  due  to  the  avidity  with 
which  this  base  combines  with  1  at.  of  water, 
Ibrming  »  hydrate. 
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1  at.  CaO  and  1  at.  HO,  form 
1  at.  CaO  +  HO; 

consequently  350  parts  of  lime  require  112  parts  of 
water  or  3  parts  of  the  former,  1  part  of  the  latter. 
The  heat  thus  generated  is  partly  owing  to  the  water 
passing  from  &e  fluid  to  the  solid  state,  and  also 
from  the  great  affinity  lime  has  for  it.  In  order  to 
obtain  most  of  the  gas  entirely  pure,  two  receivers 
must  be  employed,  and,  on  accoimt  of  the  fragility 
of  glass  tubes,  they  are  connected  without  any  pre- 
judicial results,  by  means  of  a  leaden  one.  It  is 
necessary  to  keep  the  receiver  (e)  well  cooled  other- 
wise a  considerable  loss  of  ammonia  will  ensue  as 
much  heat  is  evolved  during  its  passage  from  the 
gaseous  to  the  liquid  state.  The  proportion  which 
solution  of  ammonia  bears  to  the  sal  ammoniac  em- 
ployed is  explained  by  the  following  consideration:— 
668  parts  of  sal  ammoniac  contain  213  parts  of  am- 
monia (NH3),  or  3  parts  of  ti^e  former,  nearly  1  part 
of  the  latter.  The  solution  of  ammonia  spec.  grav. 
0*960  contains  in  100  parts  90*4  water  and  9*6  am- 
monia, consequently  10  parts  contain  nearly  1  part 
of  pure  ammonia.  The  evolution  vessel  will  con- 
tain chloride  of  calcium  and  hydrate  of  lime,  on 
account  of  the  excess  of  lime  employed ;  or,  speaking 
more  correctly,  of  neutral  chloride  of  calcium,  basic 
chloride  of  calcium  (CaCl  +  3CaO),  and  water.  It 
may  be  used  as  chloride  of  calcium,  as  on  boiling 
Tvith  water  the  chloride  of  calcium  and  a  little  free 
lime  remain  dissolved,  and  hydrate  of  lime  precipi- 
tates. 

Properties, — Pure  Liquor  ammonia  is  a  transparent 
liquid  of  a  peculiarly  pimgent  smell  and  caustic  taste. 
Turmeric  paper  is  quickly  and  strongly  browned 
by  it,  but  regains  its  yellow  colour  on  exposure  to 
the  air.  The  above  strength,  of  spec.  grav.  0*960,  is 
the  most  useful.  If  required  stronger,  the  contents 
of  the  receiver  must  be  diluted  in  proportion.    Oa 
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.  well-fitted  g^bM  ttoppen  (oorks  aie  dunged 
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saoriYW  (•)  willy  genenlly  iqieiudng,  be  cbemi* 
*  pure,  and  only  occaeionelly  cwntaniinated  with 
«e  of  m/  awmflaiflg,  wbicb  nay  be  detected  by 
iddition  of  a  drop  of  Kdutioa  of  nitrate  of  dlTer^ 
H^cnataration  with  nilzieaeid  otherwiee  titie 
Eida  of  aihrer  will  ramain  dinohred*  The  soln- 
Jb  the  fint  zeeeiver  is  almoet  always  tabid 
.  in  aeaenl  a  ydlow  tinge.    The  coloor  gene- 

«ueB  from  txaees  of  volatile  oil  in  ue  ssl 
lOBiac,  and  mnr  be  nmofod  by  agitatum  with 
k  wood  eharoosL 
m  tmbidity  may  be  from  mechanical  admixture 

iime  or  oxide  of  tin.  The  lime  is  genersUy 
d  in  the  precipitate  as  osrbonate  and  is  frrmad 
%  die  smmonia  has  shsorbed  esrbonic  acid  by 
Ml  daoomposition  ^th  any  dbkride  of  oaldam 
has  bean  osnied  over,  muriate  of  ammonia  re- 
ing  in  solution :  and  in  this  case  the  addition  of 
ite  of  ammonia  to  the  solution  will  generally 
9  a  prec4>itate  and  prove  the  existence  of  unde- 
losed  chloride  of  calcium.  If  after  filtering  off 
»zalate  of  hme  phosphate  of  soda  is  added,  an- 
r  precipitate,  of  ammonio  phosphate  of  magnesia, 
in  all  probability  be  obtaioed,  as  ordinary  lime 
dom  quite  free  from  magnesia.  The  latter  pre- 
sto ensues  as  follows : 

MgCl,  1  at.  2  NaO  +  HO  +  P^Oa,  1  at.  NH3, 
and  13  at.  HO,  form 
NaCl.  and  1  at,  2  MgO  +  NH^O  +  PjOg  + 13  HO. 

iously  to  testing  for  magnesia,  the  lime  must 
snoved  by  the  oxalate  of  ammonia,  otherwise  it 
jd  mislead  by  giving  a  precipitate  with  phos- 
e  of  soda.    The  oxide  of  tin  which  arises  from 
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the  use  of  a  tin  head  and  worm  is  the  pri] 
cause  of  the  turbidity  of  the  contents  of  the  re< 
(c) ;  when  not  carefully  kept  out  of  contact 
air  and  moisture  these  vessels  gradually  acq 
thin  coating  of  suboxide  of  tin  on  their  inne 
face,  the  vapours  of  ammonia  passing  over  thi 
compose  it  into  oxide  of  and  metallic  tin,  the  f 
of  which  it  carries  with  it,  together  with 
portions  of  lime ;  but  the  oxide  of  tin  not  beii 
luble  in  the  ammonia  liquor  remains  only  ir 
pension,  and  after  standing  a  few  weeks  is  dep< 
(with  carbonate  of  lime)  so  thoroughly,  thf 
supernatant  liquid  may  be  poured  off  quite 
This  precipitate  I  never  found  to  exceed  2  j 
irom  as  much  as  15  or  20  pounds.  As  well  as 
of  tin  such  an  ammonia  will  contain  protoxide 
dissolved,  the  fear  of  its  containing  metall 
(dissolved)  is  groundless.  If  the  solution  o: 
monia  has  a  bluish  tint,  oxide  of  copper  is  conta 
this  can  happen  only  occasionally,  and  iron 
ploying  too  strong  a  fire.  Hydrosulphate  of  a 
nia  in  this  case  causes  a  black  turbidity  or  pr 
tate  of  sidphuret  of  copper,  and  by  adding 
reagent  very  carefully,  the  whole  of  the  coppe 
be  removed  by  deposition  and  filtration.  Wh( 
carefully  excluded  from  the  air  the  ammoni 
contain  carbonic  acid,  which  on  shaking  with  1 
water  will  cause  a  white  turbidness  (carbon] 
baryta).  If,  instead  of  distilled,  common  wat 
been  used,  of  course  the  ammonia  will  conta 
impurities,  amongst  others,  sulphuric  acid,  ' 
causes  wilii  chloride  of  barium  a  white  preci 
insoluble  in  hydrochloric  acid. 
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AMMONIUM  CHLORATUM  DEPURATUM. 

Ammoni€B  HydrochJoraa — Flares  Salts  Ammonmci, — 
Purified  Sal  Ammoniac, 

Formula:  NH^Cl. 

Preparation, — Any  convenient  quantity  of  sub- 
limed muriate  of  anmionia,  broken  in  small  pieces, 
is  digested  in  a  porcelain  dish,  with  one  and  a  half 
times  its  weight  of  distilled  water,  and  heated  over 
a  free  charcoal  fire.  As  soon  as  the  salt  has  dis- 
Bolyed,  ^  an  ounce  of  caustic  liquor  ammonia  is 
added  for  every  pound  of  it,  then  heated  a  short  time, 
filtered  through  a  linen  strainer  covered  with  filter- 
ing paper,  and  with  constant  stirring  evaporated 
to  dryness,  at  a  gentle  heat. 

Recapitulation,  —  The  only  impurity  generally 
fotmd  in  sublimed  sal  ammoniac  is  a  little  iron, 
arising  from  the  use  of  iron  subliming  vessels,  and 
the  formation  of  a  volatile  chloride  of  iron.  The 
chloride  of  iron  during  the  sublimation  is  decom- 
posed into  an  acid  and  a  basic  salt,  the  first  of 
which  dissolves  with  the  sal  ammoniac,  the  last 
remains  ;  consequently,  all  the  iron  is  not  removed 
by  simply  dissolving  and  filtering,  but  the  addition 
of  some  ammonia  is  necessary,  which  decomposes 
the  chloride  of  iron,  forming  sal  ammoniac  and  in- 
soluble hydrated  oxide  of  iron,  which  remains  on 
the  filter.  As  sal  ammoniac  forms  no  well-defined 
crystal,  and  also  has  a  disagreeable  propensity  of 
creeping  over  the  sides  of  the  vessel,  it  is  best  to 
evaporate  it  to  dryness.  (This  creeping  of  the  fluid 
over  the  edges  of  the  dish  is  caused  by  the  forma- 
tion at  the  edge  of  the  solution  of  a  number  of  rows 
of  very  fine  crystals,  which  form  a  series  of  chan- 
nels, that,  by  capillary  attraction,  absorb  the  liquid, 
which  produces  on  the  upper  edge,  by  exposure  to 
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the  air,  other  rows  of  crystals,  these  again  act  simi- 
larly, increasing  the  length  of  the  capillary  tubes, 
and  this  only  ceases  with  the  supply  of  fluid). 
Metal  vessels  must  be  carefully  avoided. 

Properties, — ^The  purified  sal  ammoniac  is  a  snow- 
virhite  crystalline  powder  consisting  of  a  number  of 
very  small  cubes  and  octohedrons  ;  is  odourless,  of 
a  sharp  saline  taste,  soluble  in  2^  parts  of  cold,  and 
in  1  part  of  boiling  water ;  it  dissolves,  but  not  quite 
60  readily,  in  alcohol ;  it  has  a  faintly  acid  reaction, 
which,  as  with  many  other  salts  of  ammonia,  arises 
from  the  evolution  of  a  small  quantity  of  the  base 
during  evaporation.  It  is  entirely  volatilized  on 
heating ;  if  it  contains  iron,  its  solution  gives  with 
tannin  a  violet  or  blueish  turbidity  of  tannate  of 
iron.  The  commercial  salt  also  may  contain  «ti/- 
phctte  of  amnumia,  which,  though  volatilized  by 
heat,  gives  rise  to  the  formation  of  sulphurous  acid, 
water,  ammonia,  and  nitrogen. 

3  at.  NH^O  +  SO3,  form 

3  at.  SO2,  6  at.  HO,  2  at.  NH3,  and  1  at.  N. 

If,  therefore,  we  sublime  the  salt  in  a  retort  con- 
nected with  a  receiver,  and  the  latter  afterwards 
contains  water,  having  the  odour  of  burning  sul- 
phur, we  may  be  sure  that  sulphate  of  a.mmnpiia. 
was  present.  It  can  also  be  detected  by  addition 
of  chloride  of  barium  to  the  solution ;  but  the  sul- 
phuric acid  may  be  combined  with  other  bases,  as 
with  lime  (which  will  cau3e  a  precipitate  with  ox- 
alate of  ammonia),  or  magnesia  (which,  after  the 
removal  of  the  lime,  is  detected  by  phosphate  of 
soda  and  ammonia) ;  in  which  case  it  forms,  together 
with  sulphate  of  soda,  insoluble  ammonio-phosphate 
of  maguesia. 

2  at.  MgO  +  SO3,  1  at.  2NaO  +  HO  +  Vfi^ 
1  at.  NH3,  and  13  at.  HO,  form 

2  at.  NaO  +  SO3,  and  1  at.  2MgO  +NH4O  + 
PaO^j+ISHO. 
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Soda  may  also  be  present  as  tuiphate,  or  as  ehhride 
of  sodium ;  to  determine  this,  dissolve  the  residue 
after  sublimation,  filter  if  necessary,  and  evaporate 
slowly,  when  the  chloride  of  sodium  will  crystallize 
out  in  cubes,  the  sulphate  of  soda  in  long  oblique 
rhombic  prisms,  which  heated  in  the  blowpipe 
flame  impart  to  it  an  intense  yellow  colour.  Other 
metals  besides  iron  may  be  contained;  lead,  for 
instance,  which  gives  a  white  precipitate  with  sul- 
phuric acid ;  copper,  which  is  known  by  the  blue 
colour  it  causes  with  ammonia,  or  by  its  forming  a 
deposit  of  metallic  copper  on  clean  bright  iron,  an 
equivalent  of  the  latter  being  dissolved  in  its  stead. 
Traces  of  empyreumatic  oil,  which  are  seldom 
absent  in  the  best  sal  ammoniac,  and  come  from  the 
carbonate  of  ammonia  used  in  its  preparation,  are 
detected  by  treating  the  sal  ammoniac  with  lime, 
and  collecting  the  gas  in  water,  to  which,  if  present, 
they  impart  a  yellow  colour;  {Vide  Ammoniacuk 
Causticum). 


AMMONIUM  CHLORATUM  FERRATUM. 

FetTt  Ammonio  Chloridum, — Flores  Salts  Ammoniaei 
MartiaUes. — Ammonio  Chloride  of  Iron, 

Formula  :  NH^Cl  +  xFe^Clg. 

Preparation, — 4  Parts  of  crystallized  chloride  of 
iron  {Vide  Ferbum  Sesquichloratum)  and  15  parts 
of  sublimed  sal  ammoniac  are  dissolved  in  a  porce- 
lain dish  with  40  parts  of  hot  distilled  water,  and 
the  solution,  with  constant  stirring,  is  evaporated 
until  concentrated  over  a  naked  fire,  and  then  to 
dryness  on  a  sand  bath.  The  salt  whilst  warm  is 
rubbed  up,  put  into  well-closed  bottles,  and  in  a 
dark  place. 

The  proportions  vary  according  to  different  phar- 
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macopoeias  (the  aboTe  is  the  Bayarian,  and  con« 
sists  of  about  15  at.  of  chloride  of  ammonium  to  1 
of  chloride  of  iron)  ;  the  necessary  quantity  of 
chloride  of  iron  is  readily  determined  when  we 
mention,  that  the  latter  contains,  in  its  crystalHne 
state,  i  its  weight  of  metallic  iron. 

MecapittdctHon. — ^Between  the  chlorides  of  iron  and 
ammonium  there  is  little  affinity  toward  the  forma- 
tion of  a  double  salt ;  consequently  the  preparation 
can  scarcely  be  considered  more  than  a  mixture  of 
the  two  salts.  If  evaporated  to  crystallization,  at 
first,  small  slightly,  yellow  crystals  of  chloride  of 
ammonium  form,  containing  but  little  iron ;  each 
succeeding  crystallization  is  of  a  deeper  colour,  the 
chloride  of  iron  being  much  the  most  soluble  ;  con- 
sequently, in  order  to  acquire  a  imiform  prepara- 
tion, it  is  necessary  to  rub  the  several  crystalliza- 
tions well  together ;  it  is  better  and  easier,  there- 
fore, at  once  to  evaporate  the  solution  to  dryness, 
which,  when  the  mass  becomes  thick,  must  only  be 
carried  on  in  a  sand  bath  and  with  constant  stirring, 
otherwise  the  chloride  of  iron  will  sink  to  the 
bottom,  and  from  the  action  of  the  water  be  par- 
tially converted  into  free  acid  and  basic  chloride. 

3  at.  FcaClg,  and  6  at.  HO,  form 
1  at.  Fe2Cl3  +  2Fe203,  and  6  at.  HCl. 

In  this  case  the  preparation  no  longer  forms  a  clear 
solution  in  water,  but  leaves  some  yellowish-brown 
flakes  undissolved. 

In  the  light  it  gradually  becomes  paler,  and  must 
consequently  be  kept  in  a  dark  situation.  This 
bleaching  is  due  to  action  of  the  rays  of  light, 
which,  at  the  expense  of  the  adhering  water,  re- 
duce a  portion  of  the  perchloride  to  protochloride  of 
iron. 

1  at.  FcsCls,  and  1  at.  HO,  form 

2  at.  FeCl,  1  at.  CIH,  and  1  at.  O  (which      , 

is  evolved). 
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— Ilw  Mnmniito  chloride  of  iran  it  tm 
onoDge* jdUnr  eryitaUtne  powder,  -witih  e  leiBran- 
Hke  mmU  end  ft  iliairp*  suine,' astringent  teste ;  it 
ettraots  moiBtaie  from  tlie  etr,  and  diaulifeB  In  H 

rfai  ci  water.  The  iointiion  has  an  aeid  reaction, 
it  learea  a  denee  yeUowish-hsown  xesidne  on 
sglnUon,  tiie  heat  cnploTed  et  the  end  of  the  nro- 
eeas  waa  too  gnat ;  Irat  as  it  Is  almost  impossible  t» 
avoid  the  deoomposltion  of  a  small  qnautitjr  of  the 
diloride  of  iron,  a  sUj^t  insdhible  residae  most 
ahnqfB  be  expected,  if  it  has  long  been  exposed 
to  the  Ii(|^  it  maj  also  contain  protochloride  of 
I1QB9  in  whlBh  caae  agnideyanide  of  potassinm  will 
eanae  in  the  aoiutUm  a  deep-Une  ptec^xitate,  a  oomA^ 
bfaatimt  of  1  at  of  ftnid^anide  of  potassinm  snd 
4  at.  of  a  IPrassian  Une^  oonsisting  of  8  at.  of  proto- 
eyanidia  of  Iron  and  1  at.  of  pearoyanide. 

12  at  Fed,  and  5  at  SKCj+Tefiff,  fbnn 
12  at.  KCa»  and  (SKCy+FosCy,)  +4(3FeG7+ 
PejCyJ. 

Other  imyorities  may  be  determined,  as  In  sal 
ammoniac. 


AMMONIUM  lODATUM. 

Ammonii  lodidttm. — ffydriodate  of  Ammonia, — 
Iodide  of  Ammonium, 

Fobmula:  NH4I. 

Priparation. — ^Into  a  glass  flask  capable  of  holding 
20  parts  of  water,  are  put  1  part  of  fine  iron  filings,  8 
parts  of  distilled  water,  and  gradually  4  parts  of 
iodine,  in  small  portions.  The  iron  combines  with 
the  iodine  and  heat  is  eyolved.  So  soon  as  the 
liqidd  loses  its  brown  and  acquires  a  green  colour, 
it  is  filtered  and  mixed  with  2  parts  of  iodine; 
when  these  are  dissolved,  solution  of  ammonia  is 

p2 
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added  so  long  as  a  precipitate  is  caused  (for  this  8 
parts,  or  rather  more,  are  necessary),  it  is  filtered 
again,  and,  with  constant  stirring,  gently  evaporated 
to  dryness,  in  a  porcelain  dish,  on  a  sand  bath. 

Prepared  as  above,  the  salt  is  of  a  pale-yellow 
colour  ;  it  should,  however,  be  white,  and  to  obtain 
it  thus  it  is  necessary  to  triturate  it  for  some  time 
at  a  gentle  heat,  and  when  the  colour  has  dis- 
appeared put  it,  whilst  still  warm,  in  a  well-dosed 
bottle.     It  will  weigh  about  6^  parts. 

RecapUulaUon, — ^The  iodine  combines  with  the 
iron  (which  in  the  proportion  directed  is  in  excess) 
to  form  proto-iodide,  «FeL  In  the  dry  state  their 
combination  is  but  imperfect.  The  only  part  the 
water  plays  is  to  facilitate  the  process,  and  in 
describing  this  it  is  by  no  means  necessary  to  con- 
sider that  water  is  decomposed,  giving  its  oxygen 
to  the  iron  and  its  hydrogen  to  ti^e  iodine,  wlulst 
hydriodic  acid,  reacting  on  the  protoxide  of  iron, 
forms  protoiodide  of  iron  and  water,  thus  : — 

1  at.  HO,  1  at.  Fe,  and  1  at.  I,  would  form 
1  at.  FeO  +  HI=  1  at.  Fel,  and  1  at.  HO. 

But  according  to  the  proposition  **  corpora  non 
agunt  nisi  fluida,"  it  is  necessary  for  their  combina- 
tion that  one  of  them  first  assiunes  the  fluid  state. 
And  it  thus  takes  place : — at  first  a  little  iodine 
dissolves  in  the  water,  and  then  combines  with  a 
portion  of  the  iron,  forming  a  solution  of  proto- 
iodide of  iron,  which  is  capable  of  dissolving  far 
more  iodine  than  pure  water,  and  thus  acquires  a 
greater  power  of  acting  on  the  iron  than  at  first, 
and  this  continues  progressively  until  all  the  iodine 
is  taken  up,  if  iron  is  in  excess.  1  At.  of  iodine, 
s=  1586  parts,  requires  really  only  1  at.  of  iron, 
=  350  parts;  it  is,  however,  always  better  to  use 
rather  more  (say  ^  its  weight)  of  iron.  The  iodine 
must  not  be  added  at  once,  or  the  heat  will  be 
aised  so  much  as  either  to  break  the  glass  or  cause 
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the  fluid  to  boil  oyer.  If  we  add  to  the  proto-iodide 
half  as  much  iodine  as  it  abready  contains,  we  form 
per-iodide : — 

2  at.  Fel,  and  1  at.  I,  form 
1  at.  Fcjls ; 

and  on  the  addition  of  solution  of  ammonia  the 
peroxide  of  iron  is  precipitated  as  a  hydrate,  the 
readily-soluble  iodide  of  ammoniimi  being  formed. 

1  at.  FeJs,  3  at.  NH3,  and  6  at.  HO,  form 
1  at.  FeaOa  +  SHO,  and  3  at.  NH^I. 

The  proto-iodide  of  iron,  previously  to  its  decompo- 
sition with  ammonia,  is  converted  into  per-iodide,  be- 
cause from  the  latter  the  whole  of  the  iron  can  be 
precipitated,  but  from  the  former  protoxide  of  iron 
would  be  thrown  down,  which  is  slightly  soluble  in 
the  ammonia  salt  formed,  as  well  as  in  excess  of 
ammonia. 

The  affinity  between  iodine  and  ammonia  is  but 
feeble,  and  even  during  its  evaporation  a  slight 
decomposition  takes  place,  a  portion  of  the  salt 
separating  into  ammonia  and  hydriodic  acid. 

1  at.  NH4I,  forms 

1  at.  NH3,  and  1  at.  HI. 

The  ammonia  passes  off,  but  the  hydriodic  acid, 
losing  some  of  its  hydrogen  and  fonniiig  hydii- 
odous  acid  (Hydriodic  acid  +  Iodine  =  HIo),  remains 
partially  combined  with  the  salt,  imparting  to  it  a 
yellow  colour.  Addition  of  ammonia  neither  pre- 
vents nor  obviates  this  (as  it  converts  the  hydri- 
odous  acid  into  iodide  of  ammonium  and  free 
iodine)  ;  for  the  entire  removal  of  the  hydriodou^ 
acid  it  is  necessary  to  warm  the  salt  for  some  time, 
when  in  its  dry  state. 

Properties. — Pure  iodide  of  ammonium  forms  a 
white  crystalline  powder,  in  reality  odourless,  but 
from  a  very  slight  exposure  to  the  air  it  acquires  a 


164  AMMONIUM  OXIDATtTM  ACBTICUM. 

scent  of  iodine ;  it  has  an  iodized,  strongly  salin6 
taste.  It  is  extremely  soluble  in  water ;  its  solu** 
tion  slowly  evaporated,  slightly  reddens  litmus,  and 
yields  cubicsd  crystals.  In  the  air  it  attracts 
moisture,  and  undergoes  the  same  decomposition  as 
by  evaporation,  viz.  it  evolves  ammonia ;  the  solu- 
tion acquires  first  a  yellow  then  a  brown  tint,  and 
forms  hydriodous  acid,  vrith  a  smell  of  iodine. 
The  salt  must,  therefore,  be  kept  in  well- closed 
bottles. 


AMMONIUM  OXIDATUM  ACETICUM 

LIQUIDUM. 

Liqtior  AmmonitB  Aceiatis, — Spiritus  Minderert, — So* 
lution  of  Acetate  of  Ammonia, — Minderertis*  s  Spirit, 

FOEMULA  :   NH4O  +  C4H3O3  +  xHO. 

Preparation. — In  making  this  the  pharmaceutist 
must  take  care  to  employ  the  proportions  directed  in 
his  own  Pharmacopoeia,  as  all  do  not  order  a  liquor 
of  a  sinular  strength,  that  is,  containing  the  same 
weight  of  dry  acetate  of  ammonia.  Consequently, 
we  can  only  offer  here  some  remarks  in  reference 
to  its  formation.  There  are  two  methods  of  pro- 
ceeding, either  to  neutralize  strong  acetic  acid  with 
dry  carbonate  of  ammonia,  and  in  case  water  is  to 
be  added  taking  care  that  it  corresponds  to  the  car- 
bonate of  ammonia  employed ;  for  instance,  to  1 
oimce  of  the  latter  add  sufficient  water  to  make  the 
whole  up  to  16  ounces  ;  or,  another  method  is,  to 
exactly  neutralize  liquor  ammonia  with  concen- 
trated acetic  acid,  both  being  of  the  strength 
directed  (as  determined  by  ti^eir  spec,  gray.}* 
There  are  two  evils  in  the  first  method ;  the  ordinary 
sesquicarbonate  of  ammonia  suffers  gradual  de- 
composition,  if   it  is  not  always  most   carefully 
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guarded  from  exposure  to  the  air  (which  is  scarcely 
practicable),  into  neutral  carbonate  (evolved)  and 
bicarbonate  of  ammonia  (which  remains),  finally 
becoming  a  white  powder ;  ( Vide  Ammonium  Cab- 
boxicum).  It  may  still  retain  its  shape  in  hard 
lumps,  and  yet  be  entirely  converted  into  bicarbon- 
ate. Of  course  the  bicarbonate  of  ammonia  con- 
tains less  ammonia  than  the  sesquicarbonate,  the 
Hquor  consequently  will  be  too  weak.  Then  it  is 
necessary,  in  order  entirely  to  get  rid  of  the  car- 
bonic acid,  to  warm  the  liquid,  which  tends  to 
cause  its  more  speedy  decomposition. 

The  second  method  is  imsatisfactory  if  the  real 
acetic  acid  is  caleulated  from  the  spec.  grav.  of  that 
employed,  this  not  being  a  just  criterion  of  its 
strength. 

The  best  method  is  to  calcidate  the  strength  of 
the  Liquor  ammonia  acetatis  from  the  quantity  of 
acetic  acid  employed,  the  strength  of  which  is  de- 
termined, not  by  its  spec,  grav.,  but  from  the  quan- 
tity of  dry  carbonate  of  potash  or  soda  it  has  been 
previously  found  to  neutralize.  865  Parts  of  dry 
(anhydrous)  carbonate  of  potash,  or  665  parts  of 
dry  carbonate  of  soda,  correspond  to  638  parts  of 
anhydrous  acetic  acid. 

If  the  strength  of  the  acetic  acid  is  once  thus 
established,  it  is  quite  immaterial  what  proportion  of 
carbonate  or  Liquor  ammonia  is  required  to  neutral- 
ize it,  as  a  sufficient  quantity  of  water  to  bring  it 
to  the  proper  strength  may  then  be  added. 

Recapitulation. — Ordinary  carbonate  of  ammonia 
consists  of  2  at.  of  oxide  of  ammonium,  and  3  ut. 
of  caibonic  acid,  =  2NH4O  +  3C0o ;  the  acetic  acid 
drives  out  and  replaces  the  carbonic  acid. 

1  at.  (2NH4O  +  3C0J,  and  2  at.  C4H3O3,  form 

2  at.  NH4O  +  C4HP3,  and  3  at.  CO,j. 

1475  Parts  of  carbonate  of  ammonia  require  1276 
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parts  of  anhydrous,  or  3544  parts  of  acetic  acid, 
containing  64  per  ct.  water ;  ( Vide  Acidum  Aceticum)  . 
The  carbonic  acid  can  only  be  entirely  driven  off  by 
heat,  which  must  not  however  be  too  great,  other- 
wise acetate  of  ammonia  will  be  volatilized. 

100  Parts  of  caustic  liquor  ammonia,  spec,  grav* 
0*960  (containing  nearly  10  jier  ct.  anhycbrous 
ammonia)  requii*e  about  30  parts  of  anhydrous  or 
85  parts  of  acetic  acid,  of  the  strength  ordered. 
The  ammonia  in  this  instance  simply  combines  with 
the  acid. 

Properties, — Liquor  ammonia  acetatis  is  colour- 
less, with  a  slight  smell  of  acetic  acid  and  ammonia, 
a  feeble  saline  and  somewhat  bitter  taste,  in  which 
that  of  ammonia  is  perceptible.  This  taste  of 
ammonia,  which  is  also  perceptible  in  oth^  salts  of 
this  base  having  a  neutral  reaction,  is  caused  by 
the  free  or  feebly  combined  soda  in  the  saliva  com- 
bining with  the  acid  and  evolving  the  ammonia.  At 
a  gentle  heat  it  must  entirely  volatilize.  It  must  re- 
act either  alkaline  or  neutral,  but  by  no  means  acid. 
When  exposed  for  a  length  of  time  to  the  air  it 
undergoes  decomposition,  ammonia  is  evolved,  and 
the  acetic  acid  forms  various  products,  amongst 
others  a  flocculent  vegetation.  It  should  not  be 
kept  any  considerable  time.  Of  course  it  is  liable 
to  all  the  contaminations  named  imder  the  heads  of 
Acetic  Acid  and  Ammonia. 


AMMONIUM  OXIDATUM  CARBONICUM. 

Ammonia  Carboruis, — ScU  comu  cervi  VoUxtiUs^-^ 
Sesquicarbonate  of  Ammonia, 

Formula:   2NH4O  +  3CO2. 

Preparation, — 1  Part  of  sal  ammoniac,  powdered 
as  finely  as  possible,  is  intimately  mixed  with  1| 


I 


AMMONIVM  OXIDATUM  CABBONICUH.  167 

part  of  carbonate  of  lime  (chalk),  the  mixture  is 
exposed  in  a  sand  bath  for  an  hour  or  two,  accord- 
ing to  the  quantity,  to  a  gentle  heat  imtil  all  the 
moisture  is  driven  off,  and  is  then  quickly  trans- 
ferred to  a  cast  iron  retort,  haying  a  short  wide 
neck  dipping  into  a  large  glass  receiver,  without 
being  luted,  and  the  retort  heated  so  long  as  ammo- 
niacsJ  fumes  are  evolved.  In  order  to  prevent  the 
receiver  fzom.  becoming  too  hot,  it  is  best  to  pass 
the  neck  of  the  retort  through  a  hole  in  the  side 
of  the  furnace  made  on  purpose,  and  also  to  cool  it 
with  a  stream  of  cold  water.  In  emptying  the  re- 
ceiver it  is  often  necessary  to  break  it ;  and  this  is 
best  done  by  just  cracking  the  neck  with  a  stone, 
then  applying  a  red  hot  iron  to  the  place,  and  im- 
mediately afterwards  a  drop  or  two  of  cold  water. 
The  salt  is  to  be  quickly  put  into  well-closed  vessels. 
Pailing  an  iron  retort  a  glass  one  may  be  used,  but 
it  will  be  necessary  to  coat  it  well  with  clay  to  pre- 
vent its  cracking  or  melting  during  the  operation. 
Such  a  luting  may  be  prepared  by  dissolving  borax 
in  8  parts  of  warm  water,  and  adding  so  much 
slaked  lime  that  a  thick  pap  is  formed,  which  is 
painted  over  the  retort  fhiee  or  four  times  con- 
secutively with  a  brush.  When  dry  a  thin  paste  of 
linseed  oil  and  slaked  lime  is  applied  the  same 
number  of  times.  If  the  luting  cracks  in  the  fire, 
more  of  the  last  paste  is  applied  to  the  spot  and 
sprinkled  with  finely-powdered  slaked  lime.  The 
yield  wiU  be  about  j  of  the  weight  of  the  sal  am« 
moniac  employed. 

Recapitulation. — If  a  mixture  of  sal  anmioniac 
(NH4CI)  and  carbonate  of  lime  (CaO  +  COg)  is  ex- 
posed to  a  high  temperature,  decomposition  ensues ; 
the  lime  yields  its  oxygen  to  the  ammonium,  the 
calcium  combines  with  the  chlorine,  and  remains 
behind  as  chloride  of  calcium,  whilst  the  carbonic 
acid  passes  to  the  oxide  of  ammonium ;  but  only 
j  of  the  latter  unite  with  it,  so  that  a  combination 
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of  2  at.  oxide  of  ammonium  and  3  at.  carbonic 
acid  pass  over,  together  with  oxide  of  ammonium. 

3  at.  NH4CI,  and  3  at.  CaO  +  COg,  form 
3  at.  CaCl,  1  at.  2NH4O  +  SCOj,  and  1  at. 
NH4O  (NH3  +  HO). 

668  Parts  of  sal  ammoniac  do  not  require  more 
than  625  parts  of  carbonate  of  lime,  but  as  the 
chalk  is  not  pure  carbonate  of  lime  and  an  excess 
is  by  no  means  prejudicial,  half  .as  much  again  is 
employed.  A  thorough  decomposition  ensues  only 
at  a  low  red  heat,  consequently  the  employment  of 
an  open  fire  is  unavoidable. 

K  the  mixture  were  not  previously  well  dried,  a 
moist  mass  is  obtained  on  distillation,  instead  of  a 
fine  dry  salt. 

The  residue  may  be  employed  for  chloride  of 
calcium. 

Properties, — The  sesquicarbonate  of  ammonia  is  a 
firm  white  crystalline  crust,  smelling  strongly  of 
ammonia,  and  tasting  and  reacting  strongly  alka- 
line, entirely  volatile  at  a  gentle  heat,  soluble  in  2 
parts  of  cold  water,  but  not  in  alcohol.  K  not 
carefully  excluded  from  the  air,  its  composition  be- 
comes altered,  it  suffers  a  considerable  loss  of  weight, 
and  lastly  falls  into  a  powder.  This  change  does 
not  consist,  as  is  generally  stated,  in  absorption  of 
carbonic  acid  from  the  air,  but  a  separation  of 
the  salt  into  bicarbonate  and  simple  carbonate  of 
ammonia. 

1  at.  2NH4O  +  3CO2,  ^ornM 

1  at.  NH4O  +  2CO2  +  HO,  and  1  at,  NH3  +  CO3. 

Of  these  two  products  the  last  named  quickly  evapo- 
rates, leaving  the  bicarbonate,  which,  at  the  ordinary 
temperature,  is  more  slowly  volatilized.  The  bicar- 
bonate of  ammonia  dissolves  in  8  parts  of  cold  water ; 
consequently,  should  the  carbonate  of  ammonia  re- 
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quire  more  than  2  parts  of  water  for  its  solution,  it 
contains  bicarbonate.  If  a  white  insoluble  residue 
is  left  on  treating  with  water,  which  dissolves  with 
effervescence  in  nitric  acid,  and  blackens  with  sid- 
phuretted  hydrogen,  lead  is  present  (carbonate  of 
lead).  In  many  factories  leaden  receivers  are  used, 
and  if,  when  the  stJt  is  extracted,  any  portions  of 
lead  adhere  to  it,  they  quickly  become  converted 
into  carbonate,  from  the  action  of  the  salt  and  the 
oxygen  of  the  air.  If  the  solution,  supersaturated 
with  nitric  acid,  gives  with  nitrate  of  silver  a  white 
precipitate,  becoming  violet  on  exposure  to  the 
Hght,  chlorine  (from  volatilized,  undecomposed  sal 
ammoniac)  is  present.  Iron  is  detected  if  tannic 
acid  causes  a  violet  or  blue  precipitate  of  tannate 
of  iron  in  the  solution  after  it  has  been  carefully 
neutralized  with  hydrochloric  acid. 

From  the  slightest  contact  of  this  salt  with  cop- 
per or  brass  utensils  it  instantly  acquires  a  blue 
colour.  In  powdering  it,  therefore,  an  iron  or 
porcelain  mortar  must  be  used. 


AMMONIUM   OXYDATUM  NITRICUM. 

Ammonice  Nitras. — Nitrum  Flammans, — Nitrate  of 

Ammonia, 

Formula  :  NH4O  +  NO 5. 

Preparation. — Any  convenient  quantity  of  pure 
nitric  acid  is  treated  in  a  porcelain  dish,  and  well 
stirred,  with  caustic  liquor  ammonia,  until  it  no 
longer  reddens  litmus  paper.  To  1  part  acid,  of 
spec.  grav.  1*41,  somewhat  more  than  2  parts  of 
liquor  ammonia,  spec.  grav.  0*960,  are  requisite. 
The  liquid  is  evaporated  gently  to  crystallization. 
The  crystals  are  well  drained,  or  dried  between 
blotting  paper,  and  the  air  excluded.  1  Part  of 
acid,  1*41,  forms  about  f  part  of  salt. 

(1 
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Becapitulation, — ^Tke  formation  of  the  salt  simply 
consists  in  the  saturation  of  the  acid  with  ammo- 
nia, and  its  combination  with  water  of  crystalliza- 
tion. 

1  at.  NO5,  1  at.  NH3,  and  1  at.  HO,  form 
1  at.  NH4O  +  NO5. 

675  Parts  of  anhydrous,  or  1237  parts  of  acid  con- 
taining 6  at.  of  water  (the  2nd  hydrate,  ~1'41 
spec,  gray.)  require  213  part  of  anhydrous,  or  2130 
parts  of  ammonia,  containing  90  per  ct.  of  water 
(spec.  grav.  0'960).  In  order  to  insure  entire  satu- 
ration rather  more  ammonia  is  employed,  as  the 
excess  passes  off  on  eyaporation.  'Hie  crystals 
must  be  removed  from  contact  with  the  air  as 
quickly  as  possible,  otherwise  they  attract  moisture 
and  deliquesce. 

Properties. — Nitrate  of  Ami^onia  crystallizes  in 
long,  colourless,  flexible  crystals,  odourless,  and  of 
a  sharp,  saline,  and  cooling  taste.  In  the  heat  they 
fuse  and  volatilize,  but  are  during  the  process  en- 
tirely decomposed  into  water  and  nitrous  oxide. 

1  at.  NH4O  +  NO5,  forms 

2  at.  NO,  and  4  at.  HO. 

It  attracts  moisture  from  the  air,  and  is  readily 
soluble  in  alcohol,  as  w^  as  water ;  its  solution 
has  an  acid  reaction,  like  sal  ammoniac,  but  rather 
more  intense.  In  testing  for  impurities,  those 
likely  to  occur  in  nitric  acid  or  caustic  ammonia 
must  be  looked  for;  viz.  sulphuric  acidf  chlorine 
{iodine) f  lime^  and  metals  {copper),  which  may  be 
detected  by  chloride  of  barium,  nitrate  of  sUver, 
oxalate  of  ammonia,  and  sulphurated  hydrogen. 
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AMMONIUM  OXIDATUM  OXALICUM. 

Amfnoni€B  Oxalas. — OxcUate  of  Ammonia, 
Formula:  NH4O  +  C2O3  +  HO. 

Preparation, — ^Any  quantity  of  pure  oxalic  acid  is 
dissolved  in  a  porcel&in  dish  with  twice  its  weight 
of  distilled  water,  and  the  solution  supersaturated 
with  liquor  ammonia  (to  1  part  of  crystallized  acid 
3  parts  of  liquor  ammonia),  and  the  whole  placed 
in  a  cool  spot.  After  24  hours  the  crystals  are 
separated  ftom.  the  mother  liquor,  and  the  latter 
reduced  by  evaporation.  The  crystals  are  collected, 
and  spread  on  filtering  paper  to  dry,  without  the 
application  of  heat.  Their  weight  is  somewhat 
more  than  that  Of  the  acid  used. 

Recapitulation, — Similar  to  the  nitrate  of  ammonia. 
788  Parts  of  crystallized  oxalic  acid  require  213 
parts  of  anhydrous  or  2130  parts  of  liquor  anmionia. 

Properties, — ^Neutral  oxalate  of  ammonia  forms 
delicate  white  four-sided  prisms,  which  are  odour- 
less and  of  a  penetrating  taste.  In  a  warm  atmos- 
phere they  lose  1  at.  of  water ;  heated,  they  melt 
and  volatilize,  entirely  decomposing  and  forming  a 
peculiar  white,  odourless,  and  tasteless  body=NHa 

+  ao.,. 

1  at.  NII4O  +  COg  +  HO  form  ; 
1  at.  NH2  +  C.p.^  and  3  at.  HO. 

It  is  soluble  in  25  parts  of  cold,  more  readily  in  hot 
water,  but  insoluble  in  alcohol.  The  most  probable 
contaminations  are,  sulphuric  acid^  chlorine^  nitric 
acid^  indicated  by  chloride  of  barium,  nitrate  of 
silver,  and  indigo  solution ;  and  lastly,  potash^ 
which  may  be  detected  as  giving,  after  burning  in  a 
platina  crucible,  a  strongly  alkedine  residue. 
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AMMONIUM  OXIDATUM  PHOSPHORI- 

CUM. 

Ammoni€e  Phosphas, — Phosphate  of  Ammo7iia, 

Formula:  2NH4O+P2O5  +  HO. 

Preparation, — Pure  liquid  phosphoric  acid  is  su- 
persaturated in  a  porcelain  dish  with  liquor  ammo- 
nia, (1  part  of  acid  spec.  gray.  1'160  requires  rather 
more  than  1  part  of  liquor  ammonia,)  and  evaporated 
to  crystallization.  The  solution  must  as  in  the  case 
of  nitrate  of  ammonia,  be  very  much  reduced  in  bulk 
before  it  crystallizes.  The  crystals  are  spread  out 
on  filtering  paper  to  dry.  Their  weight  is  about 
i  that  of  the  acid  employed. 

Recapitulation, — As  by  nitrate  of  ammonia.  900 
Parts  of  anhydrous  or  3912  parts  of  acid,  spec.  grav. 
1'160  (containing  77  per  ct.  water)  require  4260 
parts  liquor  ammonia. 

Properties, — Neutral  phosphate  of  ammonia  forms 
colourless  oblique  rhombic  tabular  crystals,  odor- 
less and  of  a  cool  penetrating  taste ;  when  heated 
they  melt,  and  at  a  red  heat  lose  their  base,  phos- 
phoric acid  remaining.*  In  cold  water  the  salt 
readily  dissolves  and  die  solution  has  a  slightly  acid 
reaction.'  Alcohol  does  not  dissolve  it.  The  im- 
purities may  be  sulphuric  acidy  chlorine,  arsenious 
acidf  nitric  acid,  and  all  those  mentioned  under  the 
head  of  Phosphoric  Acid. 

*  But  still  not  entirely  free  from  ammonia.— £d. 


AMMONHTM  OXIDATVM  8TJCCINICUM.  178 

AMMONIUM  OXIDATUM  SUCCINICUM. 

AmmonicB  Sttcdnas, — Succinate  of  Ammonia. 
Formula:  (NH4O  +  C4H2O3)  +  HO  +  xAq. 

Preparation, — Pure  crystallized  succinic  acid  is 
finely  powdered,  and  liquor  ammonia  added  to  com- 
plete saturation.  1  Part  of  acid  requires  about  3 
parts  of  ammonia.  The  neutral  solution  is  the  form 
employed  for  analytical  purposes.  The  compound 
may  be  obtained  crystallized,  but  firom  loss  of  am- 
monia is  always  an  acid  salt. 

For  medicinal  purposes  the  impure  succinic  acid 
is  neutralized  with  common  carbonate  of  ammonia, 
(4  parts  of  acid  require  about  5  parts  of  carbonate 
of  ammonia)  and  the  solution  either  crystallized,  or 
when  diluted  with  the  requisite  quantity  of  water, 
preserved  as  liquor  ammonii  succinici,  or  liquor 
comu  cervi  succinatus. 

Recapiiulation,  — As  by  nitrate  of  ammonia.  742 
Parts  of  crystallized  succinic  acid  are  saturated  by 
2130  parts  of  hydrated  ammonia.  When  rough 
acid  and  common  carbonate  of  ammonia  are  used,  the 
carbonic  acid  is  evolved,  and  a  great  portion  of  the 
empyreumatic  oily  matter  present  in  both,  remains 
undissolved,  and  may  be  separated  by  filtration. 

Properties, — The  pure  neutral  solution  of  succinate 
of  ammonia  is  colourless,  has  the  odour  and  taste  of 
ammonia,  and  yields  on  evaporation,  whilst  am- 
monia is  evolved,  coloiu-less  prismatic  crystals  of  a 
sharp  bitter  cooling  taste,  insoluble  in  alcohol  but 
dLssolving  in  water  and  having  a  powerfully  acid 
reaction.  Before  using  these  crystals  as  a  reagent, 
they  must  be  neutralized  with  ammonia.  Heated, 
it  is  entirely  volatile.  That  prepared  with  the  raw 
acid  has  the  peculiar  odour  of  the  empyreumatic 
oil,  a  yellowish-brown  colour,  and  leaves  on  evapo- 
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ration,  a  trace  of  carbon.    The  other  tests  of  impu- 
rities are  the  same  as  with  succinic  acid. 


AMMONIUM  OXIDATUM  SULPHURICUM. 

Ammoniee  Sulphas, — Sal  Ammoniticua  aecretua 
Glauberi, — Sulphate  of  Ammonia, 

Formula:  NH4O  +  SO3  +  HO. 

Preparation, — ^Pure  sulphuric  acid  is  diluted  with 
its  weight  of  water,  then  saturated  with  solution  of 
caustic  ammonia  (to  1  part  of  concentrated  acid 
about  3^  parts  liquor  ammonia)  and  the  liquor  al- 
lowed to  crystallize.  The  crystals,  spread  on.  fil- 
tering paper,  are  dried  in  the  air.  They  weigh 
about  hsdi'  as  much  more  as  the  acid  used. 

Recapitulation, — ^As  by  nitrate  of  ammonia.  613 
Parts  of  monohydrated  sulphuric  acid  reqiiire  213 
parts  of  anhydrous,  or  2130  parts  of  hydrated  am- 
monia for  saturation. 

Properties, — Sulphate  of  ammonia  forms  colourless 
six-sided  prisms,  having  no  odour,  but  of  a  pungent 
bitter  saline  taste ;  it  dissolves  in  2  parts  of  cold 
water,  less  of  hot,  and  is  insoluble  in  sdcohol.  The 
solution  has  a  very  faint  acid  reaction.  The  salt  is 
slightly  ejQOlorescent  in  warm  air ;  heated,  it  melts, 
and  is  entirely  volatilized,  but  decomposes  at  the 
same  time  into  sulphurous  acid,  water,  ammonia, 
and  nitrogen ;  ( Vide  Ammon.  Chlobatum).  It  may 
contain  chloride  of  ammoniimi,  and  all  the  impu- 
rities of  the  sulphuric  acid. 
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AKMONIUM  SULPHUBATUM  UQUmUlL 

Li^pter  Ammtmii  QnffhwraU^ — My^rogUlpkaU  ^f 
^wmoiwiri,— flbfjpi^'dit  of  AmmoiwiKm* 

JViygiiBffetti  Aw  nMratu  Bimiliir  to  tint  do* 
■eribed  under  Aoibum  AymuMiuifKUBiouic  it  uied, 
in  the  erolntiaii  fladc  (•)  are  placed  7  parti  of  dilnte 
•alpbnzio  add,  in  the  waah  bottle  (&)  a  few  oanoei 
of  pore  water,  in  the  bottle*  (0)  4  parts  of  oaoatie 
liquor  ammonia,  speo.  grar.  0*960,  and  laatlf  when 
dwindle  of  the  iqjpnatns  is  ananoed,  1  part  of 
aobhuzetofixonla  introdooed  into  toeacid.  The 
eroiiition  of  the  gas  ia  fitdlitated  by  a  gentle  heatp 
and  the  bottle  (e)  which  ia  only  to  be  ligha^r  doaed 
ia  cooled  by  ice  or  odd  water.  When  no  more  gaa 
bnbblea  are  given  oi(  the  corka  (<f )  and  (0)  are 
qniiUy  removed  to  prevent  absozption  taking  plaoe^ 
and  the  bottle  (0)  careftiUy  doaed  and  set  aaide  te 
acme  days  when  if  any  bladL  floccnlent  matter 
separates,  it  is  filtered  off  or  decanted.  It  will  weigh 
about  -x^  more  than  the  liquor  ammonia  used. 

Directions  are  generally  given  to  pass  sulphur 
retted  hydrogen  into  liquor  ammonia  until  it  no 
longer  cans  as  a  precipitate  with  sulphate  of  mag- 
nesia ;  this  point  is  attained  when  the  ammonia  is 
only  hall'  saturated,  that  is,  when  the  liquid  still 
contains  a  quantity  of  free  ammonia. 

BecapitukUion, — ^The  reaction  which,  ensues  on 
the  contact  of  dilute  sulphuric  acid  with  sulphate 
of  iron  has  already  been  explained  under  Acid 
H  YDRosuLPuu&icuM.  From  the  decomposition  of  the 
water,  protoxide  of  iron  which  combines  with  the 
sulphuric  acid,  and  sulphuretted  hydrogen  are 
formed.  The  hydrogen  of  the  gas  combines  with 
Rmnr^4>nip^  fomung  ammonium,  which  unites  with 
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the  siilpliiir  to  sulphide  of  ammonium,  or  hydro- 
Bulphuret  of  ammonia 

1  at,  HS  and  1  at.  NHg,  form 
1  at.  NHg  +  HS,  or  1  at.  NH^S. 

As  1  at.  HS  is  evolved  from  1  at.  sulphuret  of  iron, 
so  for  550  parts  of  the  latter  2130  parts  of  liquor 
ammonia  spec.  grav.  0*960  are  requisite,  or  1  part 
to  4.  The  bottle  containing  the  ammonia  must  be 
well  cooled,  as  the  gases  in  assuming  a  liquid  form 
evolve  a  quantity  of  heat.  iThe  gas  is  washed  to 
separate  anything  that  may  have  been  carried  over 
from,  the  evolution  flask ;  nevertheless,  it  generally 
happens  either  during  the  process,  or,  as  is  more 
frequently  the  case,  after  standing,  that  a  black 
flocculent  matter  subsides,  this  is  sulphuret  of  iron 
and  may  be  removed  by  decantation  or  filtration. 
It  is  not  very  certain  in  what  form  the  iron  passes 
over,  it  can  scarcely  be  mechanical,  otherwise  sul- 
phuric  acid  should  be  present,  which  is  not  the 
case,  when  it  has  been  washed ;  probably  it  is  in 
combination  with  hydrogen,  which  entering  the 
ammonia  with  the  sulphide  of  hydrogen  then  be- 
comes decomposed.  This  compound  of  iron  and 
hydrogen  occurs  when  metallic  iron  is  dissolved  in 
dilute  sulphuric  or  hydrochloric  acid ;  and  we  may 
here  remark  that  sulphuret  of  iron  generally  con- 
tains small  particles  of  iron  not  thoroughly  com- 
bined with  sulphur.  So  soon  as  the  ferruginated 
hydrogen  comes  in  contact  with  sulphide  of  ammo- 
nium they  decompose  into  sidphide  of  iron,  am- 
monia, and  hydrogen. 

1  at.  FeH  and  1  at.  NH4S.  form 
1  at.  FeS,  1  at.  NH3,  and  2  at.  H. 

That  the  ferruginated  hydrogeuj  br  ferride  of 
hydrogen,  has  the  formula  PeH  has  never  been 
demonstrated  by  experiment,  and  I  have  merely 


judged  so  from  analogy.  1  have  not  mentioned  it 
nuder  IliB  article  Aoiu  HmRo-Sri-paDBicuM,  aa  its 
presence  a  not  perceptible,  for,  in  tbp  first  plaice, 
femiginated  byiirogen  and  sulpliiilB  of  hydrogen 
may  reninia  in  contact  without  disturbing  llieir 
teapective  elements  i  and  secondly,  on  decomposing 
8  good  sulphide  of  iron  this  gaa  is  given  off  in  so 
■light  a,  degree  that  ita  presence  is  scarcely  appre- 
ciable in  aolution  of  sulphide  of  hydrogi!n. 

Propertitf. — Freshly  prepared  liquid  si^phide  of 
ammonium  is  colouilesa,  of  an  hepatic  and  ammo- 
lUAcal  odour  and  taste.  It  fumes  in  the  air,  becom- 
ing decompoaed  through  the  action,  of  the  aqueous 
TBpoura,  into  sulphuretted  hydrogen  and  liquor 
ammonia,  both  known  by  their  peculiar  odours. 
From  the  action  of  the  oxygen  of  the  air,  the 
sulphuretted  hydrogen  is  decomposed,  forming 
water  with  separation  of  sulphur,  which,  being 
dissolved  by  the  uiidecompoaed  hydrosulphuret  of 
ammonia,  the  latter  acquires  a  yellow  colour,  (A 
email  portion  of  sulphur  is  however  lost,  being  dis- 
sipated in  extremely  fine  particles  with  the  ammonia 
and  watery  vapours,  giving  them  the  appearance  o£ 
a  white  smoke).  For  this  reason,  this  preparation 
soon  acquires  a  yellow  colour,  if  the  bottle  is  fre- 
quently opened.  And  if  not  carefoUyguarded  against, 
this  decomposition  may  go  on  until  all  the  Bulphui 
is  precipitated,  and  the  reagent  become  useless. 


AMYGDALINUM. 

Amygdalau, 

FoHvnu   C4„H„0„K. 

Pr^aratum. — Bitter  almonds  are  coarsely  pow- 
dered, warmed  with  constant  stirring  in  an  iron  p«t, 
until  on  squeezing  between  the  fingers  they  give 
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out  oil,  are  packed  in  warmccL  horse-hair  bags, 
between  the  warm  plates  of  a  screw,  or,  still  better, 
an  hydraulic  press,  and  stroDgly  expressed.  When 
all  the  oil  has  run  off,  the  cake  is  powdered  as 
finely  as  possible,  and  the  powder  digested  for  six 
hours  in  a  tinned  copper  still,  -^th  three  times  its 
weight  of  alcohol,  80  per  ct.  (spec,  grav.  0*840),  at 
such  a  temperature  that  the  latter  continually  boils 
very  gently.  As  soon  as  the  still  is  sufficiently  cool 
to  bear  the  hand  on  it,  the  contents  are  emptied  into 
8  thick  linen  bag,  the  retort  rinsed  out  with  the 
alcohol  that  has  distilled  oyer,  the  bag  is  pressed, 
and  the  residual  mass  digested  again  with  a  similar 
quantity  of  alcohol  as  at  first,  and  expressed.  The 
still  ia  then  well  cleaned,  the  two  quantities  of  ex- 
pressed liquors  are  replaced  in  it,  and  very  gently 
warmed  for  an  hour,  tiien  carefully  poured  irom.  the 
fatty  oil  that  has  subsided  and  filtered.  Besides 
the  fatty  oil,  a  little  amygdaline  wUl  generally  be 
deposited,  this  maybe  separated  from  the  former 
by  filtration  and  expression  between  filteriag  paper. 
When  freed  as  much  as  possible  from  oil,  the 
amygdaline  is  added  to  the  filtered  spirituous 
solutions,  and  the  latter  reduced  by  distillation  to 
one-sixth,  the  residue  ia  then  filtered  tiirough  paper 
moistened  with  water,  and  eyaporated  in  a  porcelain 
dish,  at  a  yery  moderate  temperature,  to  the  consist- 
ence of  a  thin  syrup  ;  then  placed  for  seyeral  days 
in  a  cool  place.  When  the  syrup  has  solidified  to  a 
crystalline  mass,  it  is  mixed  with  half  its  Tolume  of 
alcohol  of  80  per  ct.,  placed  on  a  filter,  and  washed 
with  a  little  cold  alcohol,  the  pasty  mass  is  poured 
into  a  glass  flask  with  about  twice  its  volume  of 
alcohol  of  80  per  ct.,  heated  to  boiling,  filtered,  if 
necessary,  whilst  hot,  and  allowed  to  crystallize. 
The  mother  liquor  will  yield  more  crystals  on 
evaporation.  The  crystals  are  spread  on  filtering 
paper,  dried  in  the  air,  and  finally  in  a  water  bath. 
It  is  now  quite  pure  enough  for  medicinal  purposes, 
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but  contains  traces  of  £a,tty  oil,  which  are  only  to 
be  removed  by  repeatedly  treating  with  ether.  The 
yield  will  be  from  1  to  2  per  ct. 

EecapittUation, — ^Amygdaline  exists  in  the  bitter 
almonds  uncombined ;  it  cannot,  howeyer,  be 
extracted  with  water,  as  the  latter  dissolves 
emulsin  also  (a  peculiar  albuminous  substance) 
which,  reacting  on  the  amygdaline,  decomposes  it ; 
(  Vide  end  of  this  article) .  The  alcohol  on  the  other 
hand,  dissolves  the  amygdaline,  but  not  the  emulsin. 
By  expressing  previous  to  the  extraction  with 
alcohol  most  of  the  fatty  oil  is  removed,  which 
would  otherwise  interfere  with  the  purification  of 
the  amygdaline.  The  almonds  and  press  must  not 
be  heated  beyond  the  temperature  of  boiling  water, 
otherwise  a  little  amygdaline  is  decomposed.  The 
mass  after  its  digestion  is  strained  whilst  warm, 
otherwise  a  portion  of  the  amygdaline  which 
dei>08its  on  cooling  would  be  lost.  In  order  the 
more  readily  to  separate  the  expressed  fatty  oil  firom 
the  spirituous  solution,  the  latter  is  again  gently 
warmed.  The  purification  of  the  crystalline  mass 
with  cold  alcohol  is  due  to  the  slight  solubility  of 
the  amygdaline  in  this  menstruum,  and  the  readi- 
ness with  which  the  accompanying  extractive  and 
saccharine  matter  dissolve  in  it.  By  recrystallizing, 
the  remainder  of  the  fatty  oil  is  mostly  removed. 
When  dried  in  a  water  bath,  some  water  chemically 
combined  is  removed.  It  crystallizes,  according  to 
Liebig  and  Wohler,  out  of  a  saturated  alcoholic 
solution,  at  104°  Fah.,  in  colourless  transparent 
prisms  containing  6  at.  of  water,  but  it  loses  these 
at  212°  Fah.  The  treatment  with  ether  removes 
the  last  traces  of  fatty  oil  from  the  amygdaline 
which  is  insoluble  in  this  menstruum. 

The  expressed  oil  is  about  ^  the  weight  of  the 
almonds,  and  may  be  applied  to  the  same  purposes 
as  that  from  sweet  almonds. 

Properties  — Pure  Amygdaline  forms  white  anhy- 
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drous  soft  mother-of-pearl,  like  glittering  scales, 
which  heated  in  a  platina  spoon  give  no  residue ; 
they  are  odourless,  slightly  bitter,  readily  soluble  in 
water  and  hot  alcohol,  but  with  difficulty  in  cold. 
If  the  watery  solution  be  milky  or  opalescent  a 
little  fatty  oil  still  adheres  to  the  amygdaline, 
which,  in  consequence  of  the  necessary  application 
of  heat  during  the  preparation  has  become  rancid  ; 
the  last  traces  of  oil  are,however  only  to  be  removed 
by  ether,  (in  which  the  amygdaline  is  insoluble), 
and,  for  this  reason,  when  it  has  not  been  treated 
with  ether,  it  possesses  a  rancid  oily  smell.  The 
best  test  for  amygdaline,  is  the  behaviotir  of  its 
watery  solution  with  emulsin,  a  peculiar  albumi- 
nous matter  found  both  in  the  bitter  and  sweet 
almond,  which  converts  it  into  1  at.  prussic  acid  = 
HCy,  2  at.  of  hydruret  of  benzoyle  or  bitter  almond 
oil=2C,4Hg02  (which  together  form  the  ethereal 
oil  containing  prussic  acid  which  bitter  almonds 
yield  on  distillation  with  water)  ^  an  at.  grape 
sugar=C6H707  =  CgHe06  +  HO,  2  at.  formic  acid 
n=2  C2HO3  and  5  at.  water  =  5  HO  ; 

c.  H.  o.  N. 

1  at.  Prussic  Acid    ....     2       1  • —  1 

2  at.  Hydruret  of  Benzoyle  .  28  12  4  — 
i  at.  Grape  Sugar  ....  6  7  7  — 
2  at.  Formic  Acid  ....  4  2  6  — 
5  at.  Water —  5  5  — 


C40  H27   O22    Ni 

In  this  case  the  emulsin  appears  to  act  as  a  ferment 
but  the  exact  manner  of  its  action  is  unknown. 
Prussic  acid  does  not  exist  in  the  almonds  but  is 
first  evolved  or  produced  by  the  action  of  the  water, 
which  dissolves  the  emulsin  and  amygdaline  and 
allows  them  to  react  on  each  other.  Consequently^ 
if  an  emulsion  of  sweet  almonds  is  mixed  with 
amygdaline,  the  odour  of  prussic  acid  is  ^instantly 
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giyen  o£^  and  17  grains  of  amygdaline  form  1  grain 
of  anhydrous  prussic  acid ;  for  the  atom  of  amyg- 
dalinesS7l3  divided  by  the  atomic  weight  of  prussic 
add  =:  337,  gives  17  as  a  quotient. 


AMYLUM  lODATUM. 

Amyli  lodidum. — Iodide  of  Starch, 
Formula:  CijHioOio  +  xI. 

Preparation. — 24  Parts  of  starch  powder  are 
rubbed  with  24  parts  of  cold  distilled  water  to  a 
paste,  to  this  a  solution  of  1  part  of  iodine  in  12 
parts  of  alcohol  is  added,  and  when  well  mixed  the 
whole  \&  thrown  on  a  filter  and  washed  with  cold 
distilled  water  until  the  liquid  runs  off  perfectly 
colourless.  The  contents  of  the  filter  are  now  dried 
between  bibulous  paper  without  heat,  and  pre- 
served in  a  well-closed  bottle. 

Recapitulation, — Starch  powder  is  quite  insoluble 
in  cold  water,  but,  when  mixed  with  it,  combines  with 
iodine  to  an  equally  insoluble  compound  of  a  bluish 
black  colour.  The  above  mentioned  quantity  of 
iodine  will  be  almost  entirely  taken  up,  any  excess 
however  is  removed  by  the  cold  water.* 

Properties. — Iodide  of  starch  is  a  blueish  black 
powder,  odourless,  of  raw  taste  like  starch  powder, 
and  afterwards  slightly  like  iodine.  It  mixes  with 
water  like  starch  powder,  without  dissolving  ;  when 
heated  to  boiling  it  does  not  form  a  paste,  but  a 
slimy  mass  which  at  the  same  time  gives  oiF  a  slight 
odour  of  iodine,  whilst  traces  only  of  the  compound 
are  soluble. 


•  According  to  M.  Lahens  Thoulouse^  in  the  "  Journal  de 
Pharmacie,"  April,  1851.  when  9  partg  of  iodine  are  heated  in  a 
closed  vessel  for  some  hours,  with  one  part  of  starch,  at  the 
temperature  of  boiling  water,  a  soluble  compound  is  obtained. 
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ARGENTUM  OXIDATUM  ACETICUM. 

Argenti  Acetas, — Acetate  of  Silver, 
FoKMTJLA :  AgO  +  C4H3O3 = AgO  +  A. 

Preparation, — 3  Parts  of  pure  nitrate  of  silver 
are  dissolved  in  9  parts  of  distilled  water,  and  with 
this  is  mixed  a  solution  of  2  parts  of  pure  acetate 
of  potash  in  9  parts  of  distTUed  water ;  the  white 
curdy  mass  that  is  formed  is  guarded  as  much  as 
possible  from  the  light  and  placed  in  a  funnel,  the 
tube  of  which  is  loosely  closed  with  a  glass  stopper ; 
it  is  then  washed  with  50  parts  of  distilled  water, 
allowed  to  drain,  thinly  spread  on  a  porcelain  plate 
and  dried  at  the  ordinary  temperature,  light  being 
carefully  excluded.  The  preparation  mil  weigh 
about  2  parts. 

3  Parts  of  crystallized  acetate  of  soda  may  be 
substituted  for  the  acetate  of  potash. 

ReeapittUation,  —  When  nitrate  of  silver  and 
acetate  of  potash  come  into  contact,  an  exchange  of 
acids  ensues,  difficultly-soluble  acetate  of  silver  and 
the  readily-soluble  nitrate  of  potash  being  formed. 

1  at.  AgO  +  NO5,  and  1  at.  KO  +  A,  form 
1  at.  AgO  +  A,  and  1  at.  KO  +NO5. 

2125  Parts  of  nitrate  of  silver  require  1228  parts  of 
acetate  of  potash ;  but  it  is  better  to  use  a  small 
excess  of  die  latter,  to  ensure  entire  precipitation. 
The  excess  of  acetate  of  potash,  together  with  the 
nitrate  formed,  are  removed  by  washing ;  but  this 
must  not  be  too  long  continued,  as  a  small  portion 
of  the  acetate  of  silver  is  at  the  same  time  dissolved; 
and  it  is  on  this  account  that  the  product,  which 
theoretically  should  nearly  equal  the  weight  of 
nitrate  of  silver  used,  is  somewhat  smaller.  In 
washing  it  a  paper  filter  must  not  be  used,  as  the 


AMamSTVU  OXIDATUX  AosnouM,  18S 

portion  of  the  salt  with  which  it  comes  in  contact 
becomes  gray,  the  acetic  acid  being  giyen  off,  and 
the  liberated  oxide  separating  into  oxygen  and 
metallic  silya: ;  and  for  this  same  reason  Uie  day- 
light is  excluded,  and  a  temperature  higher  than 
that  of  the  atmosphere  avoided  in  drying. 

The  air,  which  is  seldom  quite  free  from  sul- 
phuretted hydrogen,  may  possibly  impart  to  the 
salt  a  gray  colour,  from  tiie  formation  of  sulphuret 
of  silver. 

The  process  is  exactly  the  same  with  acetate  of 
soda.  2125  Parts  of  nitrate  of  silver  require 
1703  parts  of  crystallized  acetate  of  soda,  =NaO  + 

A  +  6Aq. 

The  acetate  of  silver  which  remains  dissolved  is 
precipitated  with  chloride  of  sodium,  and  the  pre 
cipitate  reduced  to  the  metallic  state. 

Properties. — Acetate  of  silver  is  a  white  crys- 
talline powder,  having  a  feeble  odour  of  acetio 
acid,  and  an  exceedingly  nauseous  metallic  taste. 
At  ordinary  temperatures  it  dissolves  in  100  parts 
of  water,  but  requires  less  hot  water.  A  hot 
saturated  solution  yields,  on  cooling,  white,  soft, 
mother-of-pearl-like  needles.  It  is  slightly  taken 
up  by  alcohol ;  its  solutions  have  a  neutral  reaction. 
Exposed  to  the  light  it  acquires  a  \iolet-gray  colour 
(vide  supra),  leaving  on  solution  a  grayish  residue, 
soluble  in  nitric  acid.  Ileated  it  melts,  giving  off 
acetic  acid,  and  from  the  decomposition  of  a  por- 
tion of  the  latter,  is  blackened,  and  the  silver  be- 
comes reduced  through  the  agency  of  the  carbon. 
If  the  acetate  used  in  its  preparation  was  not  free 
from  sulphates  or  chlorides,  sulphate  or  chloride  of 
silver  will  be  present.  In  the  first  case  its  aqueous 
solution  gives,  >vith  nitrate  of  baryta,  a  precipitate 
of  sulphate  of  baryta,  insoluble  in  nitric  acid.  In 
the  second  it  is  not  entirely  soluble  in  hot  water,  and 
the  residue,  which  becomes  violet- coloured  in  the 
light,  will  dissolve  in  ammonia  but  not  in  nitria 
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acid.  When  it  is  not  sufficiently  washed,  nitrate  of 
potash  will  be  present,  and,  on  precipitating  the 
silver  with  hydrochloric  acid,  filtering,  and  evapo- 
rating the  filtrate  to  dryness,  may  be  detected  as  a 
saline  residue. 


ARGENTUM   OXIDATUM  NITMCUM. 

Argenti  Nitras, — Lapis  Infemalis, — Lunar  Caustic, — 

Nitrate  of  Silver, 

Formula:  AgO  +  NOg. 

Two  parts  of  pure  silver,  in  small  pieces,  are  to  be 
dissolved  in  3  parts  of  pure  nitric  acid,  spec.  grav. 
1*41,  diluted  with  1^  parts  water,  at  a  gentle  sand 
heat,*  and  the  clear  solution — after  decanting,  and 
filtering  the  last  portions,  if  necessary — evaporated 
in  a  porcelain  dish,  at  first  over  an  open  fire,  and 
afterwards,  when  it  has  become  thick,  imder  con- 
stant stirring  with  a  glass  rod,  to  perfect  dryness  in 
a  sand  bath.  On  account  of  the  nitric  acid  vapours 
that  are  evolved,  this  process  should  be  performed 
imder  a  chimney  with  a  good  draught. 

If  the  crystallized  salt  is  required,  the  dried  mass 
is  again  dissolved  in  its  weight  of  distilled  water, 
and  allowed  slowly  to  evaporate  in  a  sand  bath  to 
about  half;  it  is  then  placed  for  some  days  in  a 
cool  spot,  the  mother  liquors  poured  from  the 
separated  crystals,  and  again  slowly  evaporated. 
The  crystals  are  not  dried  on  paper,  but  drained 
in  the  vessel  in  which  they  formed,  dried,  and  kept 
in  a  bottle  excluded  from  the  light. 

If  silver  reduced  from  the  cUoride  "be  made  use  of,  it  should 
he  borne  in  mind  that  4  parts  of  the  latter  yield  8  parts  of 
metallic  silver,  which,  being  in  a  very  fine  state  of  division,  must. 
in  order  to  prevent  too  powerful  an  action,  be  added  in  very  amail 
portions  and  gradually. 
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When  required  in  sticks,  a  portion  (troni  one  to 
several  ounces,  according  to  the  size  of  the  mould) 
is  fused  oyer  a  spirit  lamp,  in  a  porcelain  dish,  being 
constantly  stirred  with  a  glass  rod,  and  the  liquid 
mass  poured  into  a  bright  iron  mould  that  has  been 
preyiously  warmed.  The  sticks,  as  soon  as  cold, 
are  remoyed,  and  the  tubes  wiped  with  dry  filtering 
paper,  to  remove  any  adhering  salt.  8  Parts  of 
pure  silver  yield  12  parts  of  nitrate. 

The  so-cfdled  cupelled  silver,  which  always  con- 
tains a  small  quantity  of  copper  and  generally  a 
trace  of  gold,  serves  admirably  for  the  formation  of 
this  preparation,  if  the  first  crystals  that  separate 
are  washed  with  a  little  cold  water,  and  the  mother 
liquor,  which  contains  all  the  copper,  set  aside  for 
purification  by  reduction.  From  the  above-meup 
tioned  silver,  the  gold  generally  separates  in  the 
form  of  blackish  flakes.  Other  kinds  of  silver — as 
coins  and  vessels,  which  contain  a  good  deal  of 
copper — ^must  always  be  subjected  to  a  purification, 
otherwise  the  salt  will  be  contaminated  with 
copper.  The  continued  fusion  of  nitrate  of  silver, 
to  remove  any  copper  that  may  be  present,  seldom 
gives  perfect  results,  and  causes  a  loss  of  silver, 
firom  reduction. 

Recapitulation, — ^When  silver  is  brought  in  con- 
tact with  moderately- dilute  nitric  acid,  a  lively 
action  ensues,  even  in  the  cold,  yellow  fumes  are 
given  off,  and  as  the  temperature  rises  the  metal  is 
rapidly  and  entirely  dissolved.  Before  it  can  com- 
bine with  the  acid,  the  metal  is  converted  into 
oxide,  and  this  takes  place  at  the  expense  of  one 
portion  of  the  acid,  which  separating  into  nitric 
oxide  and  oxygen,  oxidizes  three  atoms  of  silver  ;  the 
nitric  oxide  as  it  is  given  off  abstracting  2  at.  of 
oxygen  from  the  air  becomes  hyponitric  acid. 


ii2 


186  ABOBHTUM  OXIDATUM  NIT&IOUX. 

3  at.  Ag,  and  4  at.  NO5,  form 
3  at.  AgO  +  NOg,  and  1  at.  NOo, 

the  latter  with,  2  at.  O  forming  NO4. 

Nitric  acid  spec.  gray.  1*41  contains  54  per  ct.  of 
anhydrous  acid ;  4050  parts  of  silyer  require  2700 
parts  of  anhydrous  acid,  which  is  contained  in  5000 
parts  of  54  per  ct. ;  rather  more  acid  than  this  must 
be  taken,  to  allow  for  a  portion  which  evaporates 
during  the  solution  of  the  metal.  The  liquid  is 
allowed  to  deposit,*  and  the  clear  portion  eyapo- 
xated  to  dryness  to  insure  the  absence  of  any  free 
acid,  then  <&ssolyed  in  water  and  crystallized. 

Ail  organic  matter  must,  from.  tMs  as  well  as  all 
other  silyer  salts,  be  carefully  excluded,  as  they 
facilitate  their  reduction  and  discolouration,  conse- 
quently the  crystals  must  not  be  dried  on  filtering 
paper.  To  fuse  the  salt,  a  porcelain  dish  is  most 
conyenient;  it  is  sometimes  recommended  to  rub 
the  surface  of  the  mould  with  oil,  but  this  is  un- 
necessary and  Tinadyisable,  as  the  sticks  slide  equally 
well  out  of  the  dry  and  polished  cylinders,  and  the 
oil  will  cause  the  gray  appearance  on  their  outer 
jiurface.  The  salt  must  be  poured  into  the  mould 
so  soon  as  it  is  liquefied,  as  it  soon  begins  to  eyolye 
nitric  acid,  and  the  oxide  formed  becomes  reduced  to 
«  gray  metallic  coyering  which  is  prejudicial  to  the 
appearance  of  the  preparation.  If  such  a  pellicle 
has  formed  (it  will  mostly  remain  in  the  dish  after 
pouring  out  the  fluid  portion),  a  few  drops  of  pure 
nitric  acid  must  be  added  to  the  next  portion  of  the 
salt,  previously  to  fusing  it. 

The  process  of  punfying  silyer  from,  copper, 
which  has  often  been  recommended,  by  retaining 
the  mixed  nitrate  in  a  state  of  fusion,  is  based  on 
the  greater  stability  of  the  nitrate  of  silyer ;  yellowish- 

*  The  black  residue  flrom  silrer  reduced  by  charcoal  is  dried 
and  reserved  for  another  reduction,  as  it  generally  oontaina  a 
litUe  chloride  of  silTer. 
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brown  yaponrs  are  giyen  off  as  the  freed  nitric  acid 
for  want  of  water  separates  into  hyponitric  acid= 
NO4  and  oxygen  O.  But  at  the  same  time  the 
silyer  salt  undergoes  a  partial  but  similar  decom- 
position, which  will  be  greater  in  proportion  to  the 
increased  contents  of  copper,  on  account  of  the 
longer  fusion  to  which  it  must  be  subjected.  If, 
when  the  process  is  finished,  the  salt  be  dissolved 
in  water,  we  certainly  obtain  a  silver  solution  free 
from  copper,  but  the  black  residue  is  oxide  of  cop- 
per containing  silver.  The  use  of  an  iron  spoon  for 
fusing  is  still  less  to  be  recommended,  as  it  causes 
a  quicker  decomposition  of  the  silver  salt,  and  the 
spoon  becomes  internally  coated  with  a  thick  crust 
of  metallic  silver. 

Properties, — ^Pure  nitrate  of  silver  crystallizes  in 
colourless  4  and  6  sided  tables,  which  do  not  attract 
moisture  from  the  air,  are  odourless,  and  of  a  bitter 
sharp  metallic  taste.    It  is  soluble  in  its  own  weight 
of  cold  water,  more  readily  in  hot  water  and  al- 
cohol ;  the  solution  should  have  no  action  on  litmus 
paper.    The  limar  caustic  differs  from  the  crystal- 
lized only  in  form,  is  quite  white,  and  exhibits, 
when  broken,  a  stellated  radiating  fracture.     Both, 
when  exposed  to  the  light,  become  gradually  gray, 
in  the  sunlight  instantly,  and  for  the  same  reason  as 
the  Argentum  Accticum.     By  a  continued  fusion 
the  salt  imdergoes  entire  decomposition,  the  nitric 
acid  is  given  off  (and  evolved  as  yellowish-brown 
vapours,  being  for  want  of  water  decomiDosed  into 
NO4  and  O),  together  with  the  oxygen  of  the  oxide 
of  silver,  the  pure  metal  remaining.     If  the  lunar 
caustic  has  a  gray  silvery  colour,  the  heat  has  been 
continued  too  long,  and  caused  reduction  to  take 
place.     If  it  has  a  yellow  tint,  it  is  due  to  oxide  of 
troiif  eitlicr  from  the  silver  containing  this  metal,  or 
the  mould  not  being  polished.      By  solution  the 
oxide  of  iron  remains  behind.     A  greenish  colour 
denotes  nitrate  of  copper,  and  such  a  salt  treated 
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with,  ammonia  yields  a  dark  blue  liquid  from  the 
formation  of  ammonio-nitrate  of  copper.  A  black 
colour  is  caused  by  the  admixture  of  oxide  of  cop- 
per which  has  lost  its  acid  in  the  fusion,  and  being 
insoluble  in  water  remains  behind.  The  lim.ar 
caustic  is  adulterated  with  many  substances  which 
are  colourless,  will  fuse,  and  bear  casting  with  it. 
Of  these,  the  nitrate-  of  potash  is  readUy  distin- 
guished by  precipitating  all  the  silver  as  chloride, 
evaporating  to  dryness,  when  the  saltpetre  will  be 
found  in  ^e  residue.  The  nitrate  of  lead  may  be 
determined  in  a  similar  manner,  or  more  directly  by 
diluting  the  solution  of  lunar  caustic  considerably, 
and  testing  with  sulphate  of  soda.  Once  also  I 
found  nitrate  of  soda  in  the  sticks,  this  causes  the 
latter  to  attract  moisture  from  the  air,  and  may 
otherwise  be  determined  like  the  nitrate  of  potash  • 
If,  after  precipitating  with  hydrochloric  acid,  eva- 
porating to  dryness,  and  dissolving  the  residue  in 
water,  oxalate  of  ammonia  causes  a  turbidity,  lime 
is  present.  Chloride  of  silver,  which  is  often  present 
in  the  commercial  salt,  remains  behind  on  treat- 
ment with  water,  and  is  readily  taken  up  by  am- 
monia. 


ARGENTUM   OXIDATUM  SULPHURICUM. 

Argenti  Sulphas, — Sulphaie  of  Silver. 
Formula:  AgO  +  SOg. 

Preparation. — 3  Parts  of  pure  nitrate  of  silver  are 
dissolved  in  9  parts  of  distilled  water,  and  to  this  a 
solution  of  3  parts  of  pure  crystallized  sulphate  of 
soda  in  12  parts  of  distilled  water  are  added,  pro- 
ceeding as  directed  imder  Aboent.  Acbt.,  the  pro- 
duct will  be  rather  more  than  2  parts. 

Becapitulation. — ^As  by  Argent.  Aoet.  ;  sulphate 
of  silver  and  nitrate  of  soda  are  fonned| 
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I  at.  AgO  +  NO5,  and  1  at.  NaO  +  SO3  + 

lOHO,  form 
1  at.  AgO  +  SO3,  1  at.  NaO  +  NO5,  and 

10  at.  HO. 

2125  Parts  of  nitrate  of  silyer  require  2015  parts  or 
nearly  as  much.  Glauber's  salts. 

The  sulphate  of  silver  that  dissolves  in  the  wash 
water  may  be  precipitated  by  hydrochloric  acid  and 
reduced  to  pure  silver. 

Properties. — Sulphate  of  silver  forms  a  white 
crystalline  odourless  powder,  of  a  metallic  taste. 
200  Parts  of  water  of  the  ordinary  temperature  dis- 
solve 1  part  of  this  salt,  the  solution  having  a  neutral 
reaction.  Of  boiling  water  it  requires  scarcely  100 
parts,  and  crystallizes  in  rhombic  pyranii(Ls  on 
cooling.  It  is  quite  insoluble  in  alcohol.  Exposed 
to  the  light  it  is  gpradually  decomposed,  and  acquires 
a  gray  colour.  In  the  heat  it  fuses  and  decomposes, 
oxygen  and  sulphuric  acid  are  evolved,  metallic 
silver  forming  the  residue.  The  method  of  testing 
for  chloride  of  silver  and  nitrate  of  soda  is  similar  to 
that  under  Aboent.  Acet. 


ASPARAGINUM. 

A  Ithaeinum. — A  spar  agin . — Asparamid, — A  Ithein . 
Formula  :  C«HyN.p6  +  2HO. 

Prepara(io7i, — From  Marshmalloto  Roots, — A  por- 
tion of  this  root  is  sliced,  and  macerated  for  2  days 
in  an  earthen  dish  with  four  times  its  weight  of  cold 
distilled  water,  the  slimy  liquid  is  strained  through 
a  pointed  bag,  the  residue  again  treated  with  cold 
water,  strained,  and  strongly  pressed.  The  liquid, 
after  depositing,  is  evaporated  to  half  in  a  copper 
vessel,  allowed  to  deposit,  then  strained,  and  evapo- 
rated at  a  gentle  heat  in  a  water  bath  to  the  consis- 
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tence  of  thick  syrup.  The  extract,  which  will 
equal  in  weight  about  one-third  that  of  the  root, 
after  standing  several  weeks  in  the  cold,  becomes 
covered  with  a  thick  saline  crust,  which  when  sepa- 
rated from  the  fluid  is  washed  with  some  cold  water, 
and  purified  by  dissolving  in  three  times  its  weight 
of  hot  water,  filtering  and  crystallizing.  The  re- 
mainder of  the  extract  is  again  put  in  a  cool  place, 
when,  after  several  weeks,  a  small  crust  will  again 
form,  which  may  be  treated  as  the  first.  130  Parts 
of  root  yield  about  1  part  asparagin. 

The  root  must  not  be  extracted  by  warm  or 
boiling  water,  as  in  this  case  an  infusion  is  obtained, 
which  evaporated  to  the  weight  of  the  root  forms  a 
thick  gelatinous  mass,  from  which  nothing  wiU 
crystallize.  When  this  mass  is  treated  with  }  its 
weight  of  alcohol  of  80  per  ct  the  mucilage  separates 
and  may  be  straiued  off;  but  after  distilling  the 
alcohol  and  evaporating  to  a  syrup,  the  extract 
yields,  even  on  standing  for  a  considerable  time,  but 
a  small  quantity  of  asparagin. 

Recapitulation, — ^Asparagin  exists  in  the  roots  of  the 
marshmallow  ready  formed,  and  in  an  uncombined 
state  ;  and  the  aim  in  the  previously  described  pro- 
cess is  simply  to  separate  as  much  as  possible.  K 
the  root  be  exhausted  with  heat,  the  asparagin  is 
transformed  into  a  new  substance,  aspartate  of  am- 
monia, which  has  the  atomic  composition  of  aspa- 
ragin, minus  2  eq.  of  water ;  in  other  words,  the  ele- 
ments of  anhydrous  asparagin. 

1  at.  C8H8N20e  +  2HO,  forms 

1  at.  NH3  +  CgHsNOg  and  2  at.  HO. 

This  metamorphosis  is  due  in  all  probability  to 
the  starch  in  the  root,  which  combining  with  some 
of  the  liberated  water  is  converted  into  sugar ;  but 
whether  it  forms  cane  sugar, 

1  at.  C12H10O10  (Starch),  and  1  at.  HO,  form 
1  at.  CjgHiiOii, 
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or  grape  sugar, 

1  at.  C12H10O10,  and  4  at.  HO,  form 
1  at.  Ci^Hi^Ou, 

I  must  leaye  undecided.  The  sugar  which  analysis 
has  detected  in  the  marshmallow  root  is  not  all  due 
to  the  action  of  the  starch  on  asparagin,  but  a  por- 
tion of  it  exists  ready  formed.  Cold  water  will  not 
dissolye  starch,  and  consequently  its  decomposing 
effects  are  ayoided. 

Properties. — ^Pure  asparagin  forms  hard,  colour- 
less right  rhombic  prisms,  odourless,  of  a  cooling 
taste,  soluble  in  4  parts  of  boiling  and  40  parts  of 
moderately  cold  water,  also  in  hydrated  but  not  in 
pure  alcohol  or  ether.  At  a  little  above  the  boiling 
point  of  water  it  gives  off  its  water  of  crystallization ; 
at  a  higher  temperature  it  melts  with  evolution  of 
ammonia,  froths  up,  becomes  black  and  bums, 
leaving  a  shining  black  ash,  which  must  be  entirely 
combustible. 


BARIUM  CHLORATUM. 

Barii  Chloridum, — Baryta  Murtatica, — Terra  Pon- 
deroaa  Salita. — Chloride  of  Barium, — Muriate  of 
Baryta. 

Formula:  BaCl  +  2H0. 

Preparation. — 5  Parts  of  heavy  spar  and  IJ  of 
wood  charcoal,  both  being  finely  powdered,  are  in- 
timately mixed,  pressed  into  an  earthen  or  blacklead 
crucible,  and  a  thin  layer  of  charcoal  laid  on  the 
surface  ;  the  crucible  is  covered  with  a  lid  fastened 
on  by  iron  wire,  then  luted  almost  entirely  with 
clay,  and  when  this  is  dry  placed  on  a  piece  of  tile 
in  a  good  wind  furnace ;  at  first  a  gentle  heat  is  ap- 
plied, and  when  the  crucible  is  thoroughly  warmed 
this  is  Increased  to  a  white  heat,  and  continued  for 
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from  1 — 3  hours  according  to  the  quantity  of  the 
mixture.  To  insure  entire  decomposition  the  crucible 
should  not  contain  more  than  100  ounces  at  once. 
When  cold  the  contents  are  well  stirred  with  15  parts 
of  distilled  or  rain  water  in  an  earthen  vessel  that 
will  hold  at  least  30  parts,  the  latter  placed  in  the 
open  air,  and  common  hydrochloric  acid  added 
gradually  in  small  portions  so  long  as  it  causes  a 
strong  eflTervescence,  and  until  the  solution  only 
feebly  browns  turmeric  paper.  It  is  not  possible  to 
state  the  exact  quantity  of  hydrochloric  acid  requi- 
site, as  the  sulphate  of  baryta  is  seldom  entirely 
decomposed  into  sulphuret  of  barium  by  the  char- 
coal ;  as  a  general  rule  4  parts  of  acid  spec.  gray. 
1*130  will  suffice.  On  accoimt  of  the  sulphuretted 
hydrogen  care  must  be  taken  not  to  inhsde  any  of 
the  gas  evolved.  The  solution  is  now  filtered,  and 
mixed  with  sufficient  hydrochloric  acid  to  destroy 
the  alkaline  secretion,  then  evaporated  until  tabular 
crystals  form.  The  yield  should  at  least  equal  the 
quantity  of  heavy  spar  employed,  though  for  the 
reason  previously  given  it  seldom  exceeds  4  parts. 

Recapitulation,  —  Heavy  spar  is  a  sulphate  of 
baryta,  as  formed  in  its  natural  state  generally  con- 
taminated with  copper,  iron,  manganese,  magnesia, 
lime  and  strontian ;  when  heated  with  charcoal  to 
strong  redness  it  yields  up  its  oxygen  and  forms  with 
excess  of  carbon  carbonic  oxide,  which  is  evolved, 
and  sulphuret  of  barium  remaining  behind. 

1  at.  BaO  +  SO3,  and  4  at.  C,  form 
1  at.BaS  and  4  at.  CO. 

1456  Parts  of  heavy  spar  require  300  parts  of  pure 
carbon,  but  on  account  of  the  impurities  of  wood 
charcoal  an  excess  is  allowed,  or  1^  of  charcoal  to  5  of 
heavy  spar.  The  sidphates  of  other  metals  present 
also  become  converted  by  the  charcoal  into  sul- 
phurets.  The  layer  of  powdered  charcoal  spread  on 
the  surface  prevents  the  oxidizing  action  of  the  air. 
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Whilst  being  mixed  with  water  the  mass  must  be 
well  stiired,  otherwise  limips  as  hard  as  stone  form, 
which  resist  for  some  time  even  the  action  of  the 
acid.  The  acid  when  added  forms  sulphuretted 
hydrogen  and  chloride  of  bariiun. 

1  at.  BaS,  and  1  at.  CIH,  form 
1  at.  BaCl  and  1  at.  HS, 

the  greater  part  of  the  latter  being  given  off  with 
effervescence ;  and  on  this  account  a  large  dish  is 
necessary,  whilst  from  the  poisonous  nature  of  the 
gas  the  operation  must  be  performed  in  the  open  air. 
The  sulphuret  of  barium  must  not  be  thoroughly 
decomposed  at  first,  to  prevent  the  solution  of  the 
Bulphurets  of  iron,  copper,  and  manganese,  which 
may  now  be  separated  by  filtration ;  after  this  the 
remainder  of  the  sulphuret  of  barium  is  converted 
by  an  excess  of  hydrochloric  acid  into  chloride  of 
barium.  From  the  crystals  obtained  on  evaporation 
only  such  as  have  a  tabular  form  may  be  regarded 
as  pure  chloride  of  barium ;  the  latter  portions 
formed,  which  contain  needle-shaped  crystals  or  do 
not  become  dry  in  the  air,  are  either  treated  with 
strong  alcohol  (which  dissolves  the  impurities,leaving 
the  pure  chloride  of  barium),  or  else  retained  for 
particular  purposes,  as  the  detection  of  sulphates  in 
analysis,  &c. 

On  treating  the  heated  mass  with  hydrochloric 
acid,  the  heavy  spar  that  h£is  not  been  reduced  to 
sulphuret  separates  ;  this  is  collected  and  reserved 
for  a  future  operation. 

Properties.  — Chloride  of  barium  forms  transparent 
right  rhombic  tabular  crystals  generally  flattened  at 
the  comers,  odourless,  of  a  disagreeable  sharp  taste, 
permanent  in  the  air  ;  it  is  soluble  in  2^  parts  of 
cold  and  H  of  boiling  water,  and  insoluble  in  strong 
alcohol  ;  heated  it  loses  its  water  of  crystallization, 
and  at  a  higher  temperature  fuses  to  a  clear  liquid. 
If  the  salt  attracts  moisture  from  the  air  it  contains 
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chloride  of  calcium ;  this  is  proyed  by  shaking  the 
finely  powdered  salt  with  absolute  alcohol,  which 
dissolves  any  chloride  of  calcium  or  strontium  pre- 
sent, filtering,  evaporating  the  filtrate,  treating  the 
residue  with  water  and  then  with  dilute  sulphuric 
acid ;  a  precipitate  denotes  strontittnif  this  is  filtered 
ofi*,  and  after  saturating  the  filtrate  with  ammonia 
oxalate  of  ammonia  is  added,  and  any  turbidity 
caused  by  it  is  due  to  lime.  The  solution  of  chloride 
of  bariimi  must  be  so  thoroughly  precipitated  by 
sulphuric  acid  as  to  yield  on  evaporation  no  residue; 
should  there  be  a  permanent  one  on  heating,  it  is  due 
to  impurities.  A  blue  precipitate  with  ferrocyanide 
of  potassiimi  denotes  iron  (vide  Aoidum  Aceticttm)  ; 
with  ammonia  a  white  precipitate  disappearing  on 
the  addition  of  sal  ammoniac  from  maffnetiaf  the 
chloride  of  which  like  that  of  calcium  deliquesces  in 
the  air,  and  may  also  be  a  cause  of  the  moisture  of 
the  chloride  of  barium.  A  blue  colour  caused  by 
the  ammonia  arises  from  copper. 


BARIUM  OXIDATUM  PURUM. 

Baryta  Pura, — Catistic  Baryta,^^  Oxide  of  Barium,-^ 

Pure  Baryta, 

FoBMULA  :  BaO  +  HO  +  8Aq. 

Preparation, — (a)  From  Stdphuret  of  Barium  with 
Oxide  of  Copper » —  Sulphate  of  baryta  is  converted 
into  sidphuret  of  barium,  as  described  in  the  pre- 
vious article,  and  treated  in  a  porcelain  dish  with 
eight  times  its  weight  of  pure  water;  heated  to 
boiling  whilst  constantly  stirring,  and  copper  scales 
added,  (those  made  by  the  coppersmith  when  ham- 
mering heated  copper,)  until  a  small  portion  when 
tested  gives  a  pale  blue  precipitate  with  sulphate  of 
copper  solution,  instead  of  a  black  or  brown  one. 
For  5  parts  of  heavy  spar  about  2  parts  of  copper 
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•oaln  will  be  neceesaiy.  The  fluid  portion  is  now 
ffltered  from  the  black  residue  into  a  glass  cylinder, 
the  contents  of  the  filter  washed  with  a  little  hot 
water,  the  cylinder  tied  oyer  with  bladder  and  put 
in  a  cool  place  for  24  hours.  The  crystals  which 
separate  are  dried  as  quickly  as  possible  between 
filtering  paper,  and  kept  in  a  well-closed  bottle.  The 
mother  liquor  is  either  kept  and  used  as  aqua  baryta, 
or  when  required  in  the  solid  state  still  further 
evaporated;  and  in  order  to  exclude  the  air  this 
evaporation  should  be  conducted  in  a  retort,  in 
which  it  may  be  allowed  to  crystallize.  6  Parts  of 
sulphate  of  baryta  form  from  4  to  5  parts  of  crystal- 
lized caustic  baryta. 

If  copper  hammer  scales  are  not  obtainable  and 
pure  oxide  of  copper  is  too  expensive  for  the  pur- 
pose, the  following  method,  a  very  good  one,  may 
be  followed. 

(b)  From  Nitrate  of  Baryta  with  Metallic  Iron, — 8 
Parts  of  nitrate  of  baryta  are  finely  powdered  and 
mixed  with  3  parts  of  iron  filings ;  iJie  mixture  is 
thrown,  by  a  spoonful  at  a  time,  into  a  red  hot  cruci- 
ble. Wben  the  mass  ceases  to  froth  up,  and  becomes 
pasty  and  crumbling,  it  is  removed  with  an  iron 
spatula  and  powdered  as  soon  as  cool.  The  cruci- 
ble (to  which  some  portion  stUl  adheres)  is  now 
boiled  with  64  parts  of  water  for  half  an  hour, 
then  removed,  the  powdered  mass  mixed  with  the 
boiling  liqidd,  16  parts  more  water  are  added,  and 
the  whole  boiled  for  another  half  hour,  filtered  into 
a  closed  vessel,  allowed  to  stand  quietly  for  one  day, 
and  proceeded  with  as  that  from  the  process  (a). 
About  6  parts  of  crystallized  baryta  will  be  obtained. 

By  heating  the  nitrate  of  baryta  alone  a  dispropor- 
tionably  long  time  is  required,  and  I  have  not  been 
able  to  remove  all  the  nitric  acid  from  8  ounces  of 
salt  by  heating  to  redness  for  two  days.  Carbonate 
of  baryta  is  only  partially  reduced  to  the  caustic 
state  by  charcoal  in  an  ordinary  furnace. 
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RecapUulaiion, — (a)  When  a  solution  of  sulpliuTet 
of  barium  (vide  Babium  Chlohatum)  is  mixed  with 
copper  scales,  (a  mixture  of  protoxide  with  a  little 
peroxide  and  metallic  copper,)  the  oxygen  of  the 
scales  passes  over  to  the  barium,  forming  baryta,  and 
the  copper  combines  with  the  sulphur  to  insoluble 
sulphuret  of  copper,  separable  from  the  solution  by 
filtration.    If  the  scales  were  pure  protoxide, 

1  at.  BaS,  and  1  at.  CusO,  would  form 
1  at.  BaO  and  1  at.  Cu^S, 

or  1056  Parts  of  sulphuret  of  barium  would  require 
802  parts  of  protoxide,  or  for  3§  of  sulphuret  of 
barium  (obtained  by  entirely  decomposing  5  parts 
of  heavy  spar),  3^  of  protoxide  of  copper.  Less 
than  this  is  really  necessary,  as  the  scales  also  contain 
oxide  of  copper.  The  oxide  forms  sulphuret  of 
copper. 

1  at.  BaS,  and  1  at.  CuO,  form 
1  at.  BaO  and  1  at.  CuS. 

The  metallic  copper  like  the  suboxide  is  conyerted 
into  subsulphuret,  but  at  the  same  time  water  is 
decomposed  and  hydrogen  gas  given  off. 

1  at.  BaS,  2  at.  Cu,  and  1  at.  HO,  fom^ 
1  at.  BaO,  1  at.  CujS,  and  1  at.  H. 

With  the  boiling,  filtering,  evaporation,  &c.,  it  is 
necessary  to  proceed  quickly,  and  thus  so  far  as 
possible  exclude  the  air,  otherwise  the  baryta  will 
abstract  the  carbonic  acid  (for  which  it  has  a  great 
affinity)  from  the  atmosphere  and  become  insoluble. 
This  unavoidable  evil,  as  well  as  the  fact  that  by 
heating  the  heavy  spar  with  charcoal  a  small  portion 
of  it  escapes  reduction,  accoimts  for  the  yield  of 
caustic  baryta,  which  from  5  parts  of  heavy  spar 
should  equal  7,  but  always  is  far  below  it. 

(b)  The  nitrate  of  baryta  gives  off  its  acid  at  a  red 
heat,  which  for  want  of  water  is  decomposed  into 
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oxygen  and  brownish-yellow  yapotirs  of  hyi>onitric 
ludd  nN04.  The  decomposition  oi  the  salt  proceeds 
but  slowly ;  when  howeyer  it  is  in  contact  with  a 
body  haying  a  strong  affinity  for  oxygen,  as  iron,  it 
decomposes  rapidly :  the  latter  abstracts  from  the 
nitric  acid  3  at.  of  oxygen,  being  converted  into 
oxide,  whilst  nitric  oxide  is  evolved  (which  coming 
in  contact  with  the  air  forms  NO4). 

1  at.  BaO  +  NO5,  and  2  at.  Fe,  form 
1  at.  BaO,  1  at.  FejOg,  and  1  at.  NOj. 

1631  Parts  of  nitrate  of  baryta  require  700  parts 
of  metallic  iron,  or  8  parts  nearly  3  parts.  If  the 
directions  have  been  carefully  followed,  the  contents 
of  the  crucible  will  be  free  from  a  trace  of  nitrogen, 
as  treatment  with  sulphuric  acid  and  a  drop  of 
solution  of  indigo  will  prove.  The  rest  of  the 
manipulation  requires  no  explanation.  The  yield 
of  crystallized  baryta  is  less  than  denoted  by  theory, 
as  8  parts  of  nitrate  should  really  produce  10  parts. 
This  is  occasioned  both  by  the  action  of  the  carbonic 
acid  of  the  air,  and  also  that  a  portion  of  the  baryta 
combines  with  the  oxide  of  iron  to  an  insoluble 
compound.  It  is  nevertheless  far  preferable  to  heat 
the  nitrate  of  baryta  with  iron  than  alone. 

Properties, — Caustic  baryta  crystallizes  from  its 
aqueous  solution  in  transparent  tabular  and  prism- 
atic crystals,  having  an  intense  alkaline  taste,  and 
acquiring  in  the  air,  from  the  action  of  carbonic 
acid,  a  white  covering.  Heated,  it  loses  8  at.  of 
water  (45^  per  ct.).  The  last  atom,  however,  is  not 
driven  off  at  any  temperature.  The  crystals  are 
soluble  in  19  parts  of  water  of  the  ordinary  tem- 
perature, and  in  2  parts  of  boiling  water ;  the 
solution  tastes  and  reacts  strongly  alkaline,  and 
acquires  in  the  air  a  white  coating  of  carbonate  of 
baryta.  Caustic  baryta  is  also  soluble  in  spirit,  but 
much  less  so  than  in  water.  To  detect  Sirontiaiif 
saturate  with  dilute  hydrochloric  acid,  evaporate 

s2 
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to  dryness,  agitate  the  residue  with,  alcohol,  and 
inflame  the  latter ;  it  should  be  stirred  with  a  glass 
rod,  and  strontian  will  impart  a  red  colour  to  the 
flame.  Nitrate  of  strontian  is  soluble  in  alcohol, 
and  imparts  to  it  a  red  colour  on  combustion, 
neither  of  which  properties  belong  to  chloride  of 
bariiim.  Limey  after  throwing  down  baryta  and 
strontian,  with  sulphuric  acid,  is  readily  detected  in 
the  supernatant  liquid  on  mixing  it  with  alcohol, 
which  will  entirely  precipitate  the  sidphate  of  lime. 


BARIUM  OXIDATUM  ACETICUM. 

Baryta  Acetas, — Baryta  Acetica, — Acetate  of  Baryta, 
Formula  :  BaO  +  C4H3O3  +  HO. 

Preparation, — As  this  salt  is  not  largely  used,  it 
is  best  made  from  the  piu:e  carbonate  of  baryta. 
Concentrated  acetic  acid  is  diluted  with  its  weight 
of  distilled  water,  the  mixture  gently  warmed  in  a 
porcelain  dish,  and  carbonate  of  baryta  gradually 
added,  so  long  as  it  is  dissolved  (3  parts  of  acid 
spec.  gray.  1'045  dLssolve  about  2  parts  of  carbonate 
of  baryta),  filtered,  and  the  clear  liquid  allowed 
slowly  to  evaporate.  The  crystals  which  form  are 
dried  on  filtermg  paper  in  the  air,  and  kept  in  a 
closed  bottle.  3  Farts  of  carbonate  give  4  of 
Acetate  baryta. 

Recapitulation, — Acetic  acid  drives  out  the  car- 
bonic acid,  combining  with  the  baryta  to  form  a 
readily  soluble  salt.  The  acid  is  first  diluted  to 
facilitate  the  filtration  from  the  excess  of  carbonate 
of  baryta.  As  the  salt  is  nearly  as  soluble  in  cold 
as  in  hot  water,  it  is  not  obtained  in  crystals  by 
cooling  the  hot  solution. 

Properties. — Acetate  of  baryta  forms  colourless 
rhombic  prisms,  of  a  feeble,  acetic  acid  smell,  pun- 
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gent  bitter  taste,  and  becoming  white  in  the  air 
from  loss  of  water.  100  Parts  of  cold  water  dis- 
solve 80,  100  of  boiling  water  90  parts  of  the  salt ; 
the  solution  has  a  neutral  reaction,  and  gradually 
becomes  decomposed,  carbonate  of  baryta  and  a 
flocculent  body  being  precipitated.  The  salt  is 
slightly  soluble  in  alcohol.  The  test  for  lime  and 
Btrontian  are  the  same  as  with  caustic  baryta. 


BARIUM  OXTDATUM  CHLORICUM. 

Baryta    Chloras, — Baryta  Chlorica, — Chlorate  of 

Baryta, 

Formula:  BaO  +  ClOg  +  HO. 

Preparation.-^Z  Parts  of  crystallized  sulphate  of 
ammonia,  and  6  parts  of  chlorate  of  potash,  are 
dissolved  together  in  a  porcelain  dish  in  15  parts  of 
hot  water,  the  solution  constantly  stirred,  evapo- 
rated in  a  water  bath  to  a  thin  pasty  consistence, 
and  when  cold  placed  in  a  capacious  glass  flask,  and 
treated  with  four  times  its  weight  of  alcohol  of  80 
per  ct.,  digested  with  it  for  one  day  at  a  moderate 
temperature,  then  filtered,  and  the  residue  well 
washed  with  alcohol.  The  mixed  alcoholic  solu- 
tions are  treated  with  a  fourth  of  their  weight  of 
water,  the  alcohol  distilled  off,  the  solution  poured 
into  a  porcelain  dish,  the  latter  placed  on  a  water 
bath,  and,  whilst  constantly  stirring,  a  freshly-pre- 
pared and  concentrated  hot  solution  of  caustic 
baryta  is  added  so  long  as  any  ammonia  is  given  off, 
and  until  the  liquid  has  an  alkaline  reaction ;  it  is 
then  evaporated  to  dryness.  The  dried  salt  is  dis- 
solved in  five  times  its  weight  of  water,  and  if  the 
solution  has  an  alkaline  reaction'  a  stream  of  carbonic 
acid  is  passed  through  it,  the  white  precipitate  is 
filtered  off,  and  the  liquid  evaporated  to  crystalliza- 
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tion.  The  crystals  are  dried  on  filtering  paper,  at  a 
moderate  temperature.  Their  weight  should  be 
somewhat  over  6  parts. 

The  method  just  described  is  exactly  similar  to 
that  employed  in  the  preparation  of  chlorate  of  soda, 
and  one  that  I  have  always  found  most  to  be  de- 
pended on.  If  we  pass  chlorine  into  a  solution  of 
caustic  baryta  (from  its  total  insolubility  carbonate 
of  baryta  is  inapplicable),  chloride  of  barium  is 
formed  at  the  same  time,  and  in  greater  quantity 
than  chlorate  of  baryta ;  and  from  their  possessing 
nearly  the  same  solubility  in  water,  the  two  salts 
are  not  separable  by  crystallization.  Alcohol  is 
also  useless  in  this  case,  as  the  chlorate  of  baryta  is 
only  slightly,  and  the  chloride  of  barium  not  at  all 
soluble  in  the  menstruimi.  Chlorate  of  baryta  is 
not  more  readily  obtained  by  treating  with  chlorine 
a  mixture  of  1  at.  of  chloride  of  barium,  and  6  at. 
of  lime,  as  directed  for  chlorate  of  potash  (vide 
Kat&um,  OxiDUM  Chlobicum).  The  method  of 
throwing  down  the  potash  with  hydrofluosiUcic  acid 
from  chlorate  of  potash,  and  then  saturating  with 
baryta,  is  more  expensive  than  the  one  we  have  first 
described,  and  gives  a  product  contaminated  with 
potash. 

BecapittUation, — ^When  sulphate  of  ammonia  and 
chlorate  of  potash  come  together  in  aqueous  solu- 
tion they  exchange  elements,  forming  two  salts, 
also  soluble,  chlorate  of  ammonia,  and  sulphate  of 
potash. 

1  at.  NH4O  +  SO3  +  HO,  and  1  at.  KO  +  CIO5,  form 
1  at.  NH4O  4-  CIO5,  1  at.  KO  +  8O3  and  1  at.  HO. 

938  Parts  of  crystallized  sulphate  of  ammonia 
require  1533  parts  of  chlorate  of  potash.  The 
two  newly-formed  salts  are  separable  by  alcohol,  in 
which  sidphate  of  potash  is  insoluble,  when  the 
greater  portion  of  water  has  been  removed.  1i 
evaporated  entirely  to  dryness,  a  portion  of  the 


BABIUM  OXIDATUH  CHLOBIOUIC.  201 

chlorate  of  ammonia  would  volatilize,  and  a  portion 
be  converted  into  sal  ammoniac ;  the  volatile  pro- 
ducts which  separate  are,  besides  water,  chlorine, 
nitrous  oxide,  and  oxygen. 

2  at.  NH4O  +  CIO5,  form 

1  at.  NH4  +  CI,  4  at.  HO,  1  at.  Ca,  1  at.  NO,  and 
7  at.  O. 

Even  in  evaporating  to  the  requisite  point,  a 
temperature  higher  than  that  of  the  water  bath  is 
carefully  to  be  avoided.  The  whole  of  the  chlorate 
of  ammonia  seldom  escapes  decomposition,  but  if 
the  previous  directions  have  been  carefully  followed 
the  loss  will  be  very  inconsiderable.  In  order  to 
re-obtain  the  alcohol  with  which  the  pasty  mass  is 
treated,  the  spirituous  solution  is  mixed  with  water 
and  distilled,  and  the  aqueous  solution  of  chlorate 
of  baryta  converted  by  caustic  baryta,  with  the  aid 
of  a  gentle  heat,  into  chlorate  of  baryta  and  free 
ammonia. 

1  at.  NH4O  +  CIO5,  and  1  at.  BaO,  form 
1  at.  BaO  +  CIO5  +  HO,  and  1  at.  NHj. 

The  baryta  solution  employed,  is  that  obtained 
by  treating  the  residue,  after  heating  together 
either  sulphuret  of  bariimi  and  oxide  of  copper,  or 
nitrate  of  baryta  and  iron  filings.  To  avoid  any 
loss,  an  excess  of  baryta  water  is  employed,  which 
when  no  more  ammonia  is  given  off  imparts  an 
alkaline  reaction  to  the  solution,  and  is,  during  the 
evaporation  of  the  liquid  to  dryness,  entirely  or 
mostly  converted  into  insoluble  carbonate  of  baryta. 
If  on  resolution  the  salt  has  an  alkaline  reaction, 
and  contains  caustic  baryta,  a  stream  of  carbonic 
acid  is  passed  through  to  neutralize  the  latter. 
The  carbonate  of  baryta  having  scarcely  any  action 
on  the  chlorate  of  ammonia  cannot  be  employed  for 
its  decomposition.  The  decomposition  of  the  chlorate 
of  ammonia  by  baryta  always  causes  the  formation 
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of  a  small  quantity  of  sal  ammoniac,  and  from  the 
latter  a  little  chloride  of  barium,  which,  however, 
by  crystallization  remains  in  the  last  portions  of  the 
mother  liquor. 

The  alcohol  re-obtained  generally  possesses  a 
slight  odour  of  chloric  ether  and  an  acid  reaction 
(from  the  decomposition  of  a  small  portion  of  the 
chlorate  of  ammonia  during  the  distillation,  and  the 
consequent  action  of  the  Uberated  chlorine);  it  is 
neyertheless  applicable  to  many  purposes,  for  in- 
stance, in  making  the  Spiritus  salis  diUcis. 

Properties, — Chlorate  of  baryta  crystallizes  in 
colourless  four-sided  prisms,  is  odourless,  of  a 
pungent  saline,  somewhat  cooling  taste,  and  im* 
alterable  in  the  air.  When  heated  it  first  loses  its 
water,  then  fuses,  and  frothing  up  gives  off  oxygen, 
the  last  portion  with  a  slight  explosion;  it  now 
becomes  dry,  and  is  converted  entirely  into  chloride 
of  barium,  which  at  a  strong  red  heat  liquefies 
without  further  change.  It  dissolves  in  3  parts  of 
cold  and  equal  parts  of  boiling  water,  the  solution 
has  a  neutral  reaction.  Alcohol  of  80  per  ct.  dissolves 
at  the  ordinary  temperature  only  ^,  when  boiling 
j)  of  its  weight.  Chloride  of  barium  is  known  by  its 
white  precipitate  with  nitrate  of  silver;  ammonia  by 
the  odour  evolved  with  caustic  potash ;  and  cauatie 
baryta  from  its  alkaline  reaction. 


BARIUM  OXIDATUM  NITRICUM. 

Baryta  Nitras. — Baryta  Nitrica, — Nitrate  of  Baryta, 

Foemula:  BaO  +  NOj. 

Preparation. — Sulphuret  of  barium  is  mixed,  with 
constant  stirring,  in  twelve  times  its  weight  of  dis- 
tilled water,  in  a  capacious  earthen  dish,  and  nitric 
acid  spec.  gray.  1*20  diluted  with  twice  its  volume 
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of  water  gradually  added,  until  it  scarcely  causes 
an  effervescence  and  the  liquid  renders  turmeric 
paper  only  sliglitly  brown.  I  used  on  an  average 
6  parts  of  acid,  spec.  grav.  1*20,  to  the  sulphur et  of 
barium  from  5  parts  of  heavy  spar.  It  is  then 
treated  just  as  for  chloride  of  barium,  the  solution 
is  filtered,  saturated  with  nitric  acid,  and  crys- 
tallized. The  6  parts  of  heavy  spar  gave  generally 
3  of  nitrate  of  baryta. 
Beo(^ntukUum. — As  with  chloride  of  barium : — 

1  at.  BaS,  1  at.  NOg,  and  1  at.  HO,  form 
1  at.  BaO  +  NOg,  and  1  at.  HS. 

The  quantity  of  acid  required  is  uncertain,  being 
dependent  on  the  greater  or  less  reduction  of  the 
heavy  spar  by  charcoal.  As  the  nitrate  of  baryta 
is  more  difficultly  soluble  in  water  than  the  chloride 
of  barium,  the  suiphuret  is  to  be  treated  with  a  larger 
portion  of  water.  The  nitric  acid  must  also  not  be 
concentrated,  otherwise  it  may  react  on  the  sui- 
phuret, converting  it  into  sulphate  of  baryta. 

Properties. — Nitrate  of  baryta  crystallizes  in  trans- 
parent permanent  octahedra  and  tetrahedra,  is 
odourless,  of  a  pungent  and  slightly  bitter  taste, 
soluble  in  14  parts  of  water  at  the  ordinary  tempe- 
rature, in  3  of  boiling  water,  and  slightly  in  alcohol. 
Heated  it  fases  gradually,  evolving  acid,  which  as 
inicklv  decomposes  into  oxygen  and  hyponitric 
cid  For  impurities  test  as  in  the  chloride,  and  for 
hkne  with  nitrate  of  silver. 

j^^jl^EBlNVM  MURIATICUM. 

j^Qchlo^^^* — Hydrochlorate  of  Berberine, 

^        25   Parts  of  fresh   or   10  parts   ol 

^af^^^^^'oa^  bark  are  finely  sliced,  and  boiled 
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for  2  hoiirs  with  100  parts  of  water  in  a  copper 
kettle,  strained,  the  residue  pressed,  and  the  boil- 
ing, &c.,  repeated  twice  again,  but  with  only  60 
parts  of  water ;  the  liquids  evaporated  over  a  naked 
fire  to  a  thin  syrup,  then  in  a  copper  still,  heated 
by  a  water  bath,  to  the  consistence  of  a  stiff  ex- 
tract ;  to  this  whilst  hot  is  added,  with  constant 
stirring,  10  parts  of  alcohol,  of  90  per  ct.,  the  still 
head  replaced,  and  a  gentle  heat  kept  up  for  one 
day.    When  it  has  digested  in  the  cold  for  two 
more  days,  the  spirituous  solution  is  poured  off 
from  the  dark  brown  mass,  and  the  latter  digested 
with  5  parts  of  alcohol,  of  90  per  ct. ;   both  solu-^ 
tions  are  then  returned  to  the  still  (which  has  in 
the  mean  time  been  emptied),  2  parts  of  water  are 
added,  and  so  much  alcohol  drawn  off  as  shall  leave 
a  residue  equalling  4  parts ;  this  is  emptied  into  an 
earthen  dish,  the  latter  covered  and  placed  in  a  cool 
spot.     By  the  following  day  the  whole  mass   (if 
not  solidified)  is  generally  full  of  very  fine  yellow 
needles ;  it  is,  however,  better  to  wait  at  least  a 
week  before  collecting  the  berberine.      It  is  then 
placed   on   a  thick  Imen  strainer,  well  pressed,  a 
litUe  cold  water  added,  and  again  pressed,  and  for 
medical  purposes  dried  at  once  with  a  genUe  heat, 
or  else  dissolved  in  a  littie  hot  water  and  crys- 
tallized.   The  yield  is  ordinarily  about  1  per  ct.  of 
the  fresh  bark. 

The  mother  liquors  scarcely  yield  enough  ber- 
berine on  evaporation  to  pay  for  collecting ;  they 
nevertheless  contain  an  appreciable  quantity,  which 
separates  after  standing  something  like  a  year.  It  is 
best  to  evaporate  them  to  a  thick  syrup  and  stand  the 
latter  in  a  cool  place  ;  at  the  end  of  about  a  twelve- 
month the  extract  is  treated  with  3  or  4  times  its 
weight  of  water,  the  berberine  strained  off,  and 
purified  by  solution  in  boiling  water  and  crystal- 
lizaticm ;  the  mother  liquors  now  obtained  may  be 
used  for  oxycanthin.    The  berberine  may  be  more 
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quickly  obtained  from  the  mother  liquors  by  treat- 
ing it  with  hydrochloric  acid  to  a  strongly  acid  re- 
action, letting  it  stand  some  days,  pressing  the 
pasty  mass,  washing  it  with  cold  and  then  dissolving 
in  hot  water,  neutralizing  the  acid  with  some  am- 
monia, and  placing  the  solution  to  crystallize  in  a 
cool  place. 

Recapitulation, — ^Berberine  is  not,  as  wa^  formerly 
supposed,  an  acid  colouring  matter,  but  a  true 
alkaloid,  existing  in  the  Barberry  (Berberis  Yul- 
garis,  L.)  as  a  chloride  (at  least  it  is  obtained  in  the 
preceding  method  as  such),  and  imparting  to  those 
portions  of  the  plant  impregnated  with  it  a  beaud- 
ful  yellow  colour;  its  distribution  is  not  equal,  the 
rind  of  the  root  being  richest  in  it,  and  of  course  to 
be  preferred  for  its  extraction;  the  best  time  for 
collecting '  it  is  August.  Besides  the  colouring 
matter,  water  dissolves  a  quantity  of  extractive 
matter,  to  remove  which  the  treatment  with  strong 
alcohol  is  resorted  to,  the  latter  dissolving  only  the 
berberin,  the  purification  of  which  depends  on  its 
ready  solubility  in  hot  alcohol  or  water,  and  diffi* 
Gidt  solubility  in  cold. 

Properties, — Pure  chloride  of  berberin  is  a  light 
fine  crystalline  powder,  of  a  clear  yellow  colour, 
consisting  of  silky  needles,  odourless,  of  a  strong, 
pure  and  persistent  bitter  taste.  Water  at  the 
ordinary  temperature  dissolves  ^ ;  alcohol  of  80 
per  ct.  ^ ;  both  take  it  up  in  almost  any  quantity 
when  boiling.  In  ether  it  is  insoluble.  It  is  not 
volatile,  but  when  heated  decomposes,  forming  em- 
pyreumatic  vapours,  having  an  alkaline  reaction, 
and  leaving  a  carbonaceous  residue,  which  is  con- 
siuned  entirely,  but  with  diffictdty,  on  heating. 
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BISMUTHUM  OXIDATUM  NITRICUM 

BASICUM. 

BtsmiUhi  Subnitras, — Magistery  of  Bismuth, — Sufmi- 

trate  of  BismtUh, 

J'obmula:   4Bi203+3N05  +  9HO. 

Preparation. — A  glass  flask  is  about  half  filled  with 
a  known  quantity  of  nitric  acid  of  spec.  grav.  1  *  20,  and 
metallic  bismuth,  in  pieces  about  the  size  of  lentils, 
gradually  added,  allowing  one  portion  entirely  to 
dissolve  before  adding  more ;  and  when  there  is  no 
longer  a  perceptible  action,  the  flask  is  placed  in 
warm  sand,  the  addition  of  the  metal  continued 
until  it  is  no  longer  affected,  but  becomes  covered 
with  a  white  crust.  4  Parts  of  acid,  of  the  proper 
strength,  dissolve  about  1  part  of  metal.  The  solu- 
tion, generally  of  a  yellowish-green  colour,  is  mixed 
with  the  half  of  its  weight  of  pure  water,  then 
allowed  to  deposit  the  flocculent  grayish  matter  it 
contains,  which  with  the  remaining  portion  of 
metal  are  separated  by  decantation  and  filtration. 
The  clear  liquid  is  now  poured,  with  constant 
stirring,  into  piire  water  six  times  the  weight  of  the 
acid  employed.  When  entirely  precipitated,  the 
supernatant  acid  liquid  is  decanted,  the  white 
residue  thrown  on  a  filter,  and  when  nothing  more 
drops  it  is  washed  with  as  much  water  as  was  used 
to  dilute  the  acid  solution,  and  with  which  the  pre- 
cipitating vessel  has  been  rinsed  to  remove  any 
adhering  portions.  It  is  again  drained,  the  contents 
of  the  £ter  spread  on  blotting  paper,  several  folds 
thick,  dried  in  the  sun  or  with  a  very  gentle  heat, 
and  kept  in  a  closed  bottle.  The  product  v^ill  be 
about  equal  to  the  metal  used. 

If  the  bismuth  contains  arsenic  (which  may  be 
determined  by  the  blowpipe),  the  nitric  acid  sola- 
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tion  must  be  boiled  "with  caustic  potash. ;  the  yellow 
precipitate  of  oxide  of  bismuth  l^us  formed  is  well 
washed,  again  dissolved  in  nitric  acid,  and  the  solu- 
tion then  precipitated  with  water. 

Recapitulation. — ^The  metallic  bismuth  will  be 
very  readily  acted  on  and  dissolved  by  nitric  acid,  a 
portion  of  the  acid  being  decomposed  into  oxygen, 
which  combines  with  the  metal,  and  nitric  oxide, 
^NOg*  which  in  the  air  again  instantly  attracts 
oxygen,  and  passes  off  as  brownish-yellow  vapours 
of  hyponitric  acid,  a^NOi;  the  oxidized  metal  com- 
bining with  the  remainder  of  the  nitric  acid. 

2  at.  Bi,  and  4  at.  NO5,  form 

1  at.  BLO3  +  3NO5,  and  1  at.  NO^ ;  further 

1  at.  NO2,  and  2  at.  O,  form 

1  at.  NO4. 

2660  Parts  of  bismuth  require  2700  parts  of  an- 
hydrous, or  10000  parts  of  nitric  acid,  spec.  grav. 
1*20  («27  per  ct.  acid).  Most  of  the  metal  may  be 
dissolved  without  the  application  of  heat,  and  by 
this  means  a  waste  of  acid  is  prevented  ;  and  only 
when  there  is  no  more  action  in  the  cold,  heat  is 
resorted  to.  The  metal  must  only  be  added 
gradually,  or  the  action  will  be  so  violent  as  to 
fracture  the  flask,  or  cause  the  acid  to  boil  over ; 
and  at  the  same  time  a  basic  salt  will  be  formed, 
especially  when  the  acid  is  partially  saturated, 
which  can  with  difficulty  be  redissolved.  The 
yellowish- green  colour  of  the  solution  arises  from 
iron  or  copper,  and  the  gray  flakes  which  sepa- 
rate during  the  solution  are  sulphur  (present  as 
sulphuret  of  bismuth),  to  remove  which  the  liquid 
is  diluted,  allowed  to  subside,  and  filtered.  When 
the  clear  solution  comes  in  contact  with  a  large 
quantity  of  water,  a  basic  salt  precipitates,  as  a 
snow-white,  silvery,  glistening  crystalline  powder, 
and  an  acid  salt  rem£iins  in  solution.  The  quantity 
of  the  precipitate  increases  with  the  water  added, 
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until  it  lias  reached  16  times  that  of  the  acid  used, 
at  which  point  all  the  neutral  salt  is  converted  into 
acid  and  basic  salts.  The  precipitate  formed,  from 
the  first  to  the  last,  has  entirely  the  same  composi- 
tion, viz.  —  as  Bulk  has  shown — Bi203  +  N06  + 
2H0,  and  is  thus  exemplified : — 

2  at.  Bi203+  3NO5,  and  xHO,  form 

3  at.  BioOg  +  NO5  +  2H0,  the  precipitate, 

1  at,  BijOg  +  9NOg  +  xHO,  the  acid  solution. 

10640  Parts  of  bismuth  (8  at.)  should,  excluding  all 
possible  loss,  yield  11580  parts  of  precipitate.  This 
if  the  pharmacopoeia*  process  is  followed  will  never 
be  obtained,  as  it  directs  that  the  precipitate  after 
pouring  off  the  supernatant  acid  liquor  shoidd  again 
be  washed  with  pure  water,  and  then  dried;  this 
causes  a  further  decomposition  of  the  basic  salt, 
oxide  of  bismuth  with  a  larger  proportion  of  acid 
being  separated,  and  a  still  lower  basic  salt  being 
formed.  If  washed  only  as  much  as  I  have  directed, 
the  preparation  has  the  composition  ascribed  to  it  at 
the  head  of  this  article  =  4Blj  O3  +  SNOj  +  9HO,  and 
contains  in  100  parts  79-5Bij03,  IS-eNOg  and  6-9HO. 
With  more  washing  it  is  still  further  decomposed, 
finally  leaving  only  oxide  of  bismuth ;  it  is  therefore 
an  error  to  continue  the  washing  so  long  as  an  acid 
liquid  passes  off. 

I  cannot  recommend  that  the  bismuth  solution  be 
crystallized  previous  to  precipitation ;  it  is  a  trouble- 
some operation,  and  the  extra  quantity  of  subni- 
trate  thus  formed,  is  not  so  great  as  might  be 
expected. 

In  the  acid  solution  will  be  found  all  the  other 
metals  present,  as  iron,  copper,  lead,  &c. ;  they  are 
precipitated  with  lime,  and  the  hydrated  oxide  of 
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Insmutli  thus  obtained  bBIsOj  +  HO,  reserved  for  the 
next  preparation  of  subnitrate. 

When  arsenic  is  present  it  is  necessary  to  use  a 
special  method  for  its  separation,  otherwise  it  would 
in  a  remarkable  manner  be  thrown  down  with  the 
bismuth.  Caustic  potash  readily  dissolves  the  arse- 
nious  acid,  leaving  the  pure  oxide  of  bismuth, 
which  is  then  treated  as  the  metal,  dissolved  in  acid 
and  precipitated  with  water.  The  nitrate  of  potash 
obtained  as  a  secondary  product  is  applicable  to  the 
manufacture  of  nitric  acid. 

Propertiet, — The  subnitrate  of  bismuth  is  obtained 
fixmi  a  cold  solution  of  the  nitrate  as  a  snow-white, 
silvery,  glistening  crystalline  powder,  which  under 
the  magnifying  glass  exhibits  an  aggregation  of 
transparent  prisms.  It  is  odourless  and  tasteless. 
Bxposed  to  the  sunlight  it  undergoes  no  change  of 
colour.  Heated  it  does  not  fuse,  but  becomes  first 
y^Iow  and  then  brown,  nitric  acid  being  evolved ; 
on  cooling,  the  brown  colour  is  replaced  by  lemon 
yellow  (pure  oxide).  By  shaking  with  water  a 
portion  of  acid  and  oxide  is  taken  up,  leaving  a  still 
more  basic  salt,  the  water  at  the  same  time  acquires 
an  acid  reaction  and  the  property  of  decolourizing 
indigo.  In  dilute  nitric  acid  it  must  dissolve  readily 
and  completely,  if  with  effervescence  some  carbonate 
is  present,  probably  carbonate  of  bismuth  or  carbonate 
of  limey  both  of  which  I  have  found  in  the  com- 
mercial salt.  Lime  is  detected  by  the  turbidity 
which  oxalate  of  ammonia  causes  in  a  filtered  solu- 
tion of  the  salt  after  precipitation  mth  ammonia. 
If  the  solution  in  nitric  acid  gives  a  precipitate  with 
nitrate  of  silver,  it  is  not  free  from  chlorincy  which  is 
due  to  the  use  either  of  impure  nitric  acid  or  impure 
water.  From  similai*  causes  sulphuric  acid  may  be 
present  and  will  be  detected  by  nitrate  of  baryta.  A 
white  precipitate  caused  by  sulphate  of  soda  indi- 
cates lead^  which  is  sometimes  present  in  commercial 
bismuth,  and  by  throwing  down  the  nitrate  with 

T  2 


210  B&ucnruM. 

common  water  (not  free  from  sulpliates),  it  is  precipi- 
tated with  the  bismuth.  If  the  solution  in  nitric 
acid  is  reddened  by  sulphocyanide  of  potassium,  it 
contains  peroxide  of  iron ;  a  solution  of  sulpho- 
cyanide of  iron  is  formed,  which  is  soluble. 

1  at.  re203  +  3NO5,  and  3  at.  KCySg,  form 
1  at.  2Fe  +  SCyS^  and  3  at.  KO  +  N05. 

If  in  addition  to  the  white  precipitate  ammonia  in 
excess  causes  a  blue  colour,  it  is  contaminated  with 
copper.  In  testing  with  nitrates  of  silver  and  baryta 
or  sulphate  of  soda,  it  must  be  borne  in  mind  that 
water  alone  would  cause  a  precipitate  in  the  solution 
of  the  nitrate  of  bismuth,  and  consequently  these 
aqueous  solutions  are  only  to  be  added  by  drops.  As 
the  nitric  acid  present  interferes  with  the  detection  of 
arsenic  on  charcoal,  it  is  better  to  employ  Marsh's 
apparatus  (vide  Acid,  Mubiat.),  adding  about  as 
much  of  the  nitrate  as  the  point  of  a  knife  will  hold, 
to  the  sulphuric  acid  and  zinc.  Should  the  prepa- 
ration acquire  a  gray  colour  by  exposure  to  the  light, 
silver  may  be  present,  though  it  is  more  probably 
due  to  the  action  of  sulphuretted  hydrogen,  and  the 
formation  of  sulphuret  of  bismuth,  from  the  bottle 
not  being  well  closed. 


BRUCINUM. 
Brucine, 


+ 
Formula  :  C^B^zq^^Oq  +  lOHO =Br  +  lOHO. 

Preparation. — From  Nux  Vomica, — Rasped  nux 
vomica  is  digested  for  one  day  in  a  copper  still  with 
five  times  its  weight  of  alcohol  of  40  per  ct.  at  a 
gentle  temperature,  the  residue  strained  through 
Unen,  the  residue  pressed,  and  twice  again  treated 
in  the  same  manner  with  water.    The  collected 
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expressed  liquors  are  retnmed  to  the  stQl  when 
cleansed,  the  alcohol  drawn  oyer,  the  residual  brown 
liquid    poured  into  a  copper  vessel  and  diluted 
until  its  weight  equals  that  of  the  nux  vomica  used; 
then,  in   an   ear&en  vessel,  add  to  it  a  solution 
of  sugar    of    lead    so    long    as    a   precipitate    is 
formed.    About  ^  the  weight  of  the  mix.  vomica 
will  be  required  oi  sugar  of  lead.    The  precipitate 
is  filtered,  the  solution  evaporated  to  about  half^ 
and  when  cool,  calcined  magnesia  ^  the  weight  of 
the  nux  vomica  is  added  to  it ;  it  is  now  allowed  to 
remain  for  a  week,  with  frequent  stirring,  at  the 
ordinary  temperature,  thrown  on  a  filter,  washed 
once  with  a  little  water,   and  dried.    When  the 
dried  precipitate  has  been  powdered,  it  must  be 
exhausted  tiiree  times  with  alcohol  of  80  per  ct.^ 
and  distilled  from  the  filtered  tincture,  so  that  about 
^  the  weight  of  the  nux  vomica  remains.     At  the 
bottom  of  the  retort  there  will  be  a  white  crust, 
and    above  it   a    yellowish    liquid.      The    super- 
natant liquid  is    carefully  poured    off,   the    solid 
portion  soft^ened  with  alcohol  of   40  per  ct.,  then 
thrown  on  a  filter  and   washed  with  alcohol  of  a 
similar  strength  (which  may  afterwards  be  used  to 
rinse  out  the  retort),  so  long  as  the  liquid  passing 
through  is  coloured  red  by  nitric  acid.     The  con- 
tents of  the  filter  are  dried  and  kept  as  Strychnine, 
whilst  the   collected  spirituous   solutions,   for  the 
preparation  of  pure  brucine,  are  treated  as  follows : — 
Powdered    binoxalate    of   potash,    equalling    in 
weight  Jq  that  of  the  powdered  nux  vomica  is  added, 
and  the  spirituous  solution  carefully  evaporated  to 
dryness  (if    the    mass   remains   tough    add    some 
charcoal  powder),  the  dry  mass  is  rubbed  to  a  fine 
powder,    agitated    with  four   times   its   volume  of 
absolute  alcohol  in  a  closed  vessel,  at  a  temperature 
as  near  32**  Fah.  as  possible,  for.  two  days,  thro-wn 
on  a  filter,  and  washed  with  alcohol  of  the  same 
strength  until  the  liquid  passes  off  clear  ;  it  is  then 
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dissolyed  in  wami  water,  heated  until  every  trace  of 
alcohol  has  passed  off,  and  agitated  for  seyeral  days 
at  the  ordinary  temperature  with  calcined  magnesia 
thB  weight  of  the  nux  yomica.  The  insoluble  portion 
is  collected  in  a  filter,  and  when  thoroughly  drained, 
digested  with  alcohol  of  90  per  ct^  filtered  and  rinsed 
with  alcohol.  The  alcoholic  solution,  carefully  evapo- 
rated, is  set  in  a  cool  place,  and  will  soon  form  an 
oleaginous  layer  at  the  bottom,  which  gradually 
becomes  a  crystalline  mass ;  this,  after  separating 
the  mother  liquor,. which  may  be  farther  evaporated, 
is  dried  at  a  moderate  temperature.  To  obtain  the 
brucine  in  larger  crystals,  it  is  dissolved  in  the 
smallest  quantity  of  alcohol  of  90  per  ct.,  and  sub- 
jected to  spontaneous  evaporation.  The  yield  from 
ten  pounds  avoirdupois  of  nux  vomica  is  about  6 
drachms  of  brucine  and  as  much  strychnine. 

EecapitttkUian, — Both  brucine  and  strychnine  exist 
in  the  nux  vomica  in  combination  with  an  acid,  the 
nature  of  which  is  not  perfectly  understood : 
according  to  some  it  is  a  peculiar  acid  (Igasuric 
acid),  according  to  others  Lactic  acid.  Weak 
alcohol  takes  up  both  salts,  together  with  extractive 
matter.  Acetate  of  lead  throws  down  from  the 
solution,  deprived  of  its  alcohol,  a  great  quantity  of 
the  colouring  matter  combined  with  the  lead, 
leaving  the  acetic  acid  free.  One  portion  of  the 
calcined  magnesia  saturates  this  free  acid,  another 
decomposes  the  salt  of  the  alcaloid,  combining  with 
its  acid,  and  precipitating  the  base,  which  is  soluble 
in  water  only  in  excessively  minute  proportions. 
From  the  precipitate  formed  on  agitation  with 
magnesia,  alcohol  takes  up  the  alkaloid,  leaving 
behind  the  excess  of  magnesia.  On  distilling,  the 
strychnine  first  separates,  leaving  scarcely  any  but 
brucine  in  the  mother  liquor.  The  latter  is  con- 
taminated with  colouring  matter;  binoxalate  of 
potash  converts  the  brucine  into  oxalate,  and  this 
when  treated  with  absolute  alcohol  at  82°  Fah. 
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TemainB  unacted  on,  whilst  the  colouring  matter  dis- 
solyes.  The  rest  of  the  treatment  so  much  resembles 
the  preceding  as  to  require  no  further  explanation. 
ProperHes. — Brucine  slowly  crystallized  forms 
colourless  four-sided  prisms,  which  however  have 
generally  a  tinge  of  ydlow,  and  from  long  exposure 
to  the  air  acquire  an  opaque  surface.  Heated  it 
melts,  loses  its  water,  aad  forms,  on  cooling,  an 
amorphous  wax-like  mass,  which  at  a  higher  tem- 
perature must  bum  without  residue.  Cold  water 
dissolTes  ^  of  brucine ;  alcohol,  eyen  when  weak^ 
readily  takes  it  up ;  its  solutions  have  an  intensely 
bitter  taste,  ether  is  without  action  on  it.  In 
chlorine  water  the  brucine  entirely  dissolves  (being 
decomposed),  assuming  a  rose  colour,  which  am- 
monia converts  to  a  dirty  yellow.  Nitric  acid  dis- 
solves it  (also  with  decomposition),  forming  a  deep 
rose  colour,  which  on  warming  becomes  yellow,  and 
if  protrochloride  of  tin  is  now  added,  a  purple  violet 
colour  and  precipitate  are  formed.  The  presence  of 
strychnine  is  known  when  the  alkaloid  dissolved 
in  alcohol  is  treated  with  an  alcoholic  solution  of 
indigotic  acid,  and  to  the  yellow  precipitate,  after 
subsidence  and  decantation,  is  added  acetic  acid< 
If  entirely  soluble  in  this  menstruum,  the  brucine  is 
free  from  strychnine,  but  a  residue  denotes  strych- 
nine. The  nature  of  this  precipitate  requires  inves- 
tigation. 


CADMIUM  OXIDATUM  CARBONICUM. 

Carbonate  of  Cadmium, 
Formula:  CdO  +  COg. 

Preparation, — Metallic  Cadmium  in  small  por- 
tions is  added  to  nitric  acid  spec.  grav.  1*20  in  a 
gloss  dask,  80  long  as  it  is  dissolved ;  the  application 
of  heat  is  unnecessary.    1  Part  of  cadmium  dissolves 
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in  5  parts  of  acid  having  the  above  strength.  The 
solution  is  diluted  'with  ten  times  its  weight  of  dis- 
tilled water,  and  carbonate  of  ammonia  added  so  long 
as  a  precipitate  is  formed.  Nearly  1^  parts  of  this 
salt  are  requisite.  When  the  precipitate  has  sub- 
sided it  is  collected  in  a  filter,  washed  with  distilled 
water  and  dried  at  a  gentle  heat.  It  yields  nearly 
8  parts. 

BecapUuloHon, — ^Nitric  acid  dissolves  cadmium  in 
the  cold  with  the  greatest  fecility,  yellowish-brown 
yapours  being  eyolved.  The  vapours  arise  from 
one  part  of  tiie  acid  giving  up  3  atoms  of  oxy- 
gen to  oxidize  the  metal,  ana  the  ensuing  nitric  ox- 
ide—NOj  attracting,  so  soon  as  it  comes  in  contact 
with  the  air,  2  more  atoms  of  oxygen,  and  forming 
hyponitric  acid--  NO4.  The  oxidized  cadmium  com- 
biaes  with  the  remaining  nitric  acid. 

3  at.  Cd,  and  4  at.  NO5,  form 
3  at.  CdO  +  NO5  and  1  at.  NOj. 

2100  Parts  of  cadmium  require  2700  parts  of  anhy- 
drous acid,  or  10000  parts  of  acid  having  a  spec, 
jgrav.  1*20  (which  contains  73  per  ct.  of  water). 
The  ordinary  sesqidcarbonate  of  ammonia  decom- 
poses the  metallic  nitrate,  giving  off  carbonic  acid 
and  forming  insoluble  carbonate  of  cadmium  and 
readily  soluble  nitrate  of  ammonia. 

2  at.  CdO  +  N06,  and  1  at.  2  NH4O  + 

3  CO2,  form 
2  at.  CdO  +  CO2,  2  at.  NH4O  +  NO5, 

and  1  at.  CO2. 

To  1400  parts  of  the  metal  1475  parts  of  car- 
bonate of  ammonia  are  necessary,  if  the  latter  con- 
tains no  bicarbonate;  but  as  this  is  generally 
present  more  is  usually  required. 

Properties. — Carbonate  of  cadmium  is  an  odourless 
and  tasteless  snow-white  powder,  soluble  in  al- 
most all  acids  but  not  in  water.    Heated,  it  loses  its 
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carbonie  acid,  leaTing  a  brown  powder  (pure  oxide), 
unalterable  by  heat ;  but  heated  on  charcoal  before 
the  blowpipe  it  entirely  Tolatilizes  and  gives  the 
charcoal  a  brown  coating.  The  carbon  abstracts  its 
oxygen  to  form  carbonic  acid,  the  reduced  metal 
Tolatilizing  at  a  red  heat  again  becomes  oxidised  as 
soon  as  it  reaches  the  outer  blowpipe  flame,  and  is 
redeposited  on  the  charcoal.  In  testing  for  other 
metals  follow  the  directions  given  for  oxide  of  zinc. 
If  a  solution  of  it  in  hydrodhloric  acid  supersatu- 
rated with  carbonate  of  ammonia,  filtered  from  the 
precipitate  and  treated  with  hydrosulphuret  of  am- 
monia, gives  a  white  precipitate,  zinc  is  present ;  the 
oxide  of  zinc  is  soluble  in  excess  of  carbonate  of 
ammonia  and  precipitates  on  the  addition  of  hydro- 
sulphuret of  ammonia  as  a  white  sulphuret  of  zinc. 
When  free  from  copper  or  lead  the  acid  solution 
very  much  diluted  must  yield  with  excess  of  sul- 
phuretted hydrogen  gas  a  pure  yellow  precipitate 
of  sulphuret  of  cadmium,  and  the  filtered  liquid  un- 
dergoes no  change  when  treated  with  ammonia ;  i^ 
however,  this  or  hydrosulphuret  of  ammonia  cause 
a  white  turbidness,  zinc  is  present,  and  a  grey 
precipitate  denotes  iron. 


CALCIUM   CHLORATUM. 

Calcii  Chloridum, —  Chloride  of  Calcium, — Muriate  of 

Lime, 

Formula  of  the  Fused  :  CaCl. 

Formula,  op  the  Dried  :  CaCl  +  2H0. 

Formula  of  the  Crystalline  :  CaCl  +  2H0  +  4Aq 

Preparation, — ^The  basis  of  all  three  preparations 
is  the  residue  on  making  caustic  ammonia.  This  is 
treated  with  water  boiled  for  some  time,  allowed  to 
settle,  decanted  and  strained,  the  clear  liquid  is 
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eraporated  to  dryness  in  an  iron  pot,  and  heated 
until  it  becomes  liqnid  in  an  iron  dish,  then  returned 
to  the  iron  pot,  which  has  been  cleaned  and  dried, 
powdered  so  soon  as  it  has  solidified,  and  k^t  in  a 
well-closed  bottle.  For  most  purposes  the  common 
chloride  of  calcitmi  is  sufficiently  pure.  To  prepare 
the  other  two  hydrated  salts,  one  part  of  the  diied 
is  dissolved  in  three  parts  of  water,  filtered  from  the 
precipitate  (which  is  always  present),  the  alkaline 
reaction  neutralized  with  a  few  drops  of  hydro- 
chloric acid,  and  evaporated  in  a  porcelain  dish 
either  to  crystallization  or  dryness.  The  crystals 
(freed  between  blotting  paper  from  adhering  liquid,) 
and  the  dried  salt  must  both  be  preserved  in  well- 
closed  botUes  from  access  of  the  air. 

When  perfectly  pure  preparations  are  required, 
the  common  anhydrous  (fused)  chloride  of  calcium 
is  exhausted  with  alcohol  of  80  per  ct.,  filtered,  and 
to  the  filtrate  so  much  distilled  water  added  as 
equals  the  weight  of  the  chloride  of  calcium,  the 
alcohol  distilled  ofif,  the  alkaline  residue  neutralized 
with  hydrochloric  acid,  evaporated  in  a  porcelain 
dish  to  dryness  and  the  mass  fused  in  a  porcelain 
crucible,  from  which  pure  anhydrous  chloride  of 
calcium,  the  two  pure  hydrated  salts  are  obtained. 

If  no  ammonia  residue  is  to  be  had,  hydrate  of 
lime  is  dissolved  in  common  hydrochloric  acid, 
taking  care  the  lime  is  in  excess,  digested  some 
days,  frequently  shaking,  the  residue  allowed  to 
subside,  and  filtered ;  to  the  filtrate  hydrochloric 
acid  is  added,  drop  by  drop,  until  neutral,  it  is  then 
evaporated  to  crystalHzation  or  dryness,  &c.  When 
the  hydrochloric  acid  contains  sulphuric,  as  is  fre- 
quently the  case,  the  salt  must  be  dissolved  in 
alcohol,  if  required  perfectiy  pure. 

Recapitulation, — The  residue  from  the  manu- 
facture of  caustic  ammonia  is  really  chloride  of  cal- 
ciimi  with  excess  of  lime.  Water  dissolves  the 
<;hloride  of  calcitmi  and  a  littie  free  lime,  the  latter 
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imparting  an  alkaline  reaction  to  the  solution ;  and 
on  account  of  this  firee  lime  the  other  bases  present 
(magnesia  and  alumina  from  the  lime  oxide  of  iron 
from  the  lime  and  sal  ammonic,  oxide  of  copper  and 
tin  frt>m  the  still  in  which  the  caustic  ammonia  was 
prepared)  do  not  dissolye,  whilst  any  ammonia  is 
driven  off.  By  evaporation  to  dryness  the  clear 
solution  attracts  carbonic  acid  from  ihe  air  and  gives 
on  redissolving  a  precipitate  of  carbonate  of  lime  ;  a 
portion  of  lime  however  always  remains  free,  on 
whick  account  the  neutralization  with  hydrochloric 
acid  is  prescribed. 

The  treatment  with  alcohol  is  to  cause  the  sepa- 
ration of  sulphate  of  lime,  almost  always  contained 
in  the  common  chloride  of  calciuni.  The  other 
manipulation  requires  no  explanation.  By  treating 
with  alcohol  the  sulphate  of  lime,  always  present  in 
common  chloride  of  calcium,  is  precipitated. 

In  making  it  direct  from  lime  and  hydrochloric 
acid,  an  excess  pf  the  former  must  be  used  to  pre- 
vent the  solution  of  the  magnesia,  alumina  and  iron, 
exactly  as  in  the  first  method. 

Properties, — ^Pure  chloride  of  calcium,  in  its  frised 
(anhydrous)  state,  forms  a  hard  white  mass,  when 
aried  a  white  crystalline  powder,  and  crystallized 
4  and  6  sided  fluted  prisms,  tasting  somewhat  like 
sulphate  of  magnesia ;  it  is  odourless,  and  attracting 
water  from  the  air  with  avidity,  deliquesces.  In 
water,  as  in  alcohol,  it  is  very  soluble  ;  the  solution 
should  have  no  action  on  litmus  or  turmeric  paper. 
If  ammonia  causes  in  its  solution  a  white  precipitate 
soluble  in  muriate  of  ammonia,  magnesia  is  present ; 
this  base  has  a  great  affinity  for  salts  of  ammonia, 
forming  with  them  double  salts ;  when,  therefore, 
in  its  freshly-precipitated  state  it  comes  in  contact 
with  sal  ammoniac,  it  drives  out  a  portion  of  the 
base,  forming  chloride  of  magnesium,  which  com- 
bines with  the  excess  of  chloride  of  ammonium  to  a 

double  salt. 

u 
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1  at.  MgO,  and  2  at.  NH4CI,  form 

1  at.  NH^Cl+Mga,  1  at.  NHj,  and  1  at.  HO. 

If  the  "White  ammoniacal  precipitate  is  soluble  in 
caustic  potash,  but  not  in  muriate  of  ammonia^  it  is 
(thtmina.  If  the  precipitate  is  yellow  or  brown,  and 
not  entirely  soluble  in  sal  ammoniac  or  caustic 
potash,  it  contains  oxide  of  iron.  If  on  addition  of 
ammonia  the  solution  of  chloride  of  calcium  ac- 
quires a  blue  colour,  it  denotes  oxide  qf  copper »  A 
white  precipitate)  with  chloride  of  barium,  eu^uric 
acid. 


CALCIUM  OXIDATUM  ACETICUM. 
Calcis  Acetas,-^ Acetate  ofLime» 

Formula  of  thk  Crystallizbo  : 
CaO  +  CAHjOj+HO, 

Formula  of  the  Dbibd  t 

CaO  +  C4H3O3. 

Pr^para<u>n.-*Concentrated  acetic  acid  is  gently 
warmed  in  a  glass  flask,  in  a  sand  bath,  and  hydrate 
of  lime  added  so  long  as  it  is  dissolved.  4  Parts  of 
acid,  spec.  gray.  1*045  (»36  per  ct.  anhydrous 
acid)  dissolve  1  part  of  hydrate  of  lime.  Pure 
lime,  equalling  ^  of  that  already  dissolved,  is  then 
added,  the  whole  allowed  to  remain,  frequency 
shaking,  for  two  days,  at  the  ordinary  temperature, 
the  residue  filtered  and  washed  with  a  litUe  pure 
water,  and  this  clear  solution  treated  with  just  suf- 
ficient acetic  acid  to  neutralise  the  alkaline  reaction ; 
it  is  then  evaporated  with  a  very  gentle  heat  to  half. 
The  crystals  which  form  after  some  days  are  col- 
lected on  a  filter,  and  dried  without  heat  on  blot- 
ting paper.     The    mother  liquor  is  still  further 
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evaporated  and  crystallized.  The  weight  of  salt  is 
about  double  that  of  the  lime  used. 

Seci^niukUian, — ^Hydrate  of  lime  is  readily,  and, 
if  not  too  impure,  entirely  taken  up  by  acetic  acid. 
By  warming,  the  thorough  saturation  of  the  acid  is 
ensured: 

1  at.  CaO  +  HO,  and  1  at.  O4H3O3,  form 
1  at.  CaO  4-  CaI^O,,  and  1  at.  HO. 

463  Parts  of  hydrate  of  lime  require  638  parts  of 
anhydrous  or  1772  parts  of  acetic  acid  with  64 
per  ct.  water.  The  excess  of  lime  causes  the  preci- 
pitation of  any  magnesia,  oxide  of  iron,  or  alumina 
that  may  be  present  in  convnon  lime.  The  solution, 
by  taking  up  some  firee  lime,  acquires  an  alkaline 
reaction,  on  which  account  it  must,  after  filtration, 
be  again  neutralized  with  a  little  acetic  acid.  It  is 
difficult  to  obtain  good  crystals,  and  also  to  sepa- 
rate the  crystals  from  the  mother  liquor,  as  they 
absorb  it  like  a  sponge ;  the  only  methods  are  to 
Btrain  and  press  th^  salt,  or  to  dry  it  direct. 

Properties. — Acetate  of  lime  crystallizes  in  silky 
glistening  needles,  which  smell  feebly  of  acetic 
acid,  and  possess  a  pungent,  bitterish,  warm  taste. 
Exposed  to  the  air  they  become  white  from  loss  of 
water,  and  must  therefore  be  kept  in  a  closed  vessel. 
In  water  the  salt  dissolves  readily,  in  alcohol  with 
more  difficulty.  The  solution  has  a  neutral  reac- 
tion. If  it  has  a  yellow  colour,  the  acetic  acid  was 
possibly  contaminated  with  empyreumatic  matter, 
which  may  be  determined  by  the  smell.  Any  con- 
tamination with  acetate  of  lead  may  be  detected  by 
chromate  of  potash,  with  which  it  gives  a  yellow 
precipitate  of  chromate  of  lead.  The  other  tests  are 
similar  to  those  for  chloride  of  potassium. 
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CALCIUM  OXIDATUM  CARBONICUM. 

Caicia  Carhona8,^-^Carh<mate  of  Lime, 
Formula:  CaO  +  COj, 

Preparcttion, — 7  Parts  of  poirified  chloride  of  cal- 
cium are  dissolved  in  8  times  their  quantity  of  dis- 
tilled water;  10  parts  of  liquor  anunonia,  0*960 
9pec.  gray.,  are  diluted  with  10  parts  of  distilled 
water,  and  in  this  are  dissolved  d  parts  of  powdered 
carbonate  of  ammonia ;  the  last  solution  is  poured 
io  the  first  with  continued  stirring,  a  small  portion 
is  filtered  ofif,  and  if  carbonate  of  ammonia  renders 
the  solution  turbid  a  firesh  quantity  of  carbonate  of 
ammonia  is  added.  When  thoroughly  precipitated 
the  supernatant  liquor  is  decanted,  the  residue  col- 
lected on  a  filter  or  strainer,  and  washed  until  the 
liquid  passing  off  gives  no  precipitate  with  nitrate 
of  silver  ;  it  is  then  dried  with  a  gentle  heat. 
7  Farts  of  chloride  of  calcium  yield  about  6  parts. 

Recapitulation, — When  solutions  of  chloride  of 
calcium  and  ordinary  carbonate  of  ammonia  are 
brought  together,  the  oxygen  of  oxide  of  ammonium 
passes  to  the  calcium ;  tiie  lime  thus  formed  preci- 
pitates in  combination  with  carbonic  acid ;  the  am- 
monium imites  with  the  chlorine  to  readily  soluble 
sal  ammoniac,  and  the  excess  of  carbonic  acid 
^scapes  with  effervescence.  The  reason  of  this 
effervescence  is  that  the  carbonate  of  ammonia 
when  freshly  prepared  contains  1^  at.  of  acid  to 
1  at.  of  base,  whilst  if  much  exposed  to  the  air  it 
acquires  2  at.  In  order  to  save  this  second  at.  o^ 
acid  caustic  ammonia  is  prescribed,  which,  combin- 
ing with  it,  reacts  on  the  chloride  of  barium  solu- 
tion. If  we  suppose,  as  is  generally  the  case,  that 
the  sesquicarbonate  of  ammonia  has  partially  or 
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entirely  become  bicarbonate,  the  following  formnla 
explainB  the  process : 

2  at,  CaCl,   1  at.  NH^O  +  200^  +  HO,  and  1   at. 

NH3,  form 
2  at.  CaO  +  CO2,  and  2  at,  NH4  CI, 

1386  Parts  of  anhydroiis  chloride  of  calcium  require 
988  parts  of  bicarbonate  of  ammonia,  and  2190  of 
liquid  ammonia. 

The  supernatant  liquor  will  serve  on  evaporation 
for  chloride  of  ammonium,  but  on  account  of  a  little 
chloride  of  calcium  It  contains,  it  can  only  be  used 
for  making  liquor  ammonia.  The  carbonate  of 
ammonia  must  not  be  replaced  by  carbonate  of 
potash  or  soda,  if  the  preparation  is  required  free 
from  alkali. 

Propertie», — ^Pure  carbonate  of  lime  is  an  odour- 
less, tastdess,  snow-white  crystalline  powder. 
Heated  to  low  redness  it  imdergoes  no  change  ;  at  a 
higher  temperature  it  loses  a  little  carbonic  acid, 
which  is  entirely  given  off  if  during  the  heating  the 
powder  be  moistened  from  time  to  time  with  water. 
Its  solution  in  hydrochloric  acid  should  sustain  no 
change  with  nitrate  of  silver,  ferrocyanide  of 
potassium,  or  ammonia  in  excess ;  if  in  the  first 
instance  a  white  precipitate  falls,  a  chloride  is  pre- 
sent ;  in  the  second  a  blue  or  brown  precipitate,  iron 
or  copper  ;  in  the  third  a  brown  precipitate,  or  blue 
colour,  iron  or  copper.  If  in  the  nitric  acid  solution, 
neutralized  by  excess  of  the  carbonate  of  lime, 
ammonia  causes  a  white  precipitate,  soluble  on  the 
addition  of  sal  ammoniac.  Magnesia  is  present  {vide 
Calcium  Chloratum)  ;  if  soluble  in  caustic  potash, 
Alumitia,  A  blackening  with  hydrosulphuret  of 
ammonia  indicates  metals.  Sulphuric  acid  is  deter- 
mined by  a  baryta  salt.  To  detect  potash  or  soda^ 
supersaturate  the  nitric  acid  solution  with  ammonia, 
entirely  precipitate  the  lime  with  oxalate  of  am- 
monia, and  evaporate  the  filtered  solution  to  dryness, 

u  2 
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then  dissolve  the  residue  in  water ;  to  one  portion 
add  tartaric  acid  in  excess,  which  will  throw  down 
with  potash  a  difficidtly-soluhle  crystalline  precipi^ 
tate  of  bitartrate  of  potash ;  the  remainder  of  tiie 
solution  is  evaporated  to  dryness,  and  heated  to  red- 
ness on  a  platinum  wire,  when  any  soda  will  give 
an  intense  yellow  to  the  outer  flame  of  the  blow- 
pipe. 


CALCIUM  OXIDATUM  SULPHURICUM. 

Caleis  Sulphas.^-Gypsum  Purum, — Sulphate  of  Limem 

-^Pttre  Gypntm, 

Foemula:  CaO  +  S03+2HO. 

Preparation, — Chloride  of  calcium  is  dissolved  in 
eight  times  its  weight  of  distilled  water,  and  a  solu- 
tion of  Glauber's  salts,  one  part  to  eight,  added  so 
long  as  a  precipitate  forms.  1  Part  of  anhydrous 
chloride  of  calcium  requires  3  parts  of  crystallized 
sulphate  of  soda«  The  precipitate  when  deposited 
is  collected  on  a  filter,  washed  with  cold  distilled 
water  so  long  as  the  filtered  liquid  yields  a  precipi- 
tate or  turbidity  with  nitrate  of  silver,  and  dried  at 
a  gentle  heat.  3  Parts  of  anhydrous  chloride  of 
calcium  yield  about  4  parts  of  precipitate. 

Recapitulation, — Chloride  of  calcium  and  sulphate 
of  socUi  in  aqueoiis  solution  exchange  elements, 
forming  insoluble  stQphate  of  lime,  which  falls  in 
combination  with  two  atoms  of  water,  and  readily 
soluble  chloride  of  sodium : 

1  at  CaCl,  and  1  at.  NaO  +  SO3+  lOHO,  form 
I  at.  CaO  +  SO3  +  2H0,  1  at.  NaCl,  and  8  at.  HO. 

693  Parts  of  chloride  of  calcium  require  2015 
^arts  of  crystallized  sulphate  of  soda.  On  account 
of  the  washing  necessary  to  remove  the  chloride  of 
sodium,  a  smedl  quantity  of  the  sulphate  of  lime  ia. 
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iMt.  Hot  water  must  not  be  used,  as  otherwise  the 
SQlubility  of  the  sulphate  of  lime,  on  account  of 
the  chloride  of  sodium  it  contains,  will  be  increased. 
Properties. — ^The  sulphate  of  lime  obtained  by 
precipitation  is  a  light  white  powder,  consisting 
of  &ie  needles,  possessing  neither  smell  nor 
taste,  and  in  appearance  somewhat  resembling 
sulphate  of  quinine.  332  Parts  of  water  dissolve 
1  part;  the  solution  has  a  neutral  reaction; 
it  is  not  more  soluble  in  boiling  water,  and  is  inso- 
luble in  alcohol.  Heated  a  little  above  212°  Fah.  it 
loses  its  water,  but  takes  it  up  again  if  moistened 
with  it,*  heat  being  evolved.  On  this  property  de- 
pends the  formation  of  plaster-of-paris  casts.  This 
evolution  of  heat  is  due  to  a  portion  of  the  water 
passing  from  the  liquid  to  the  solid  state.  If  gypsimi 
is  hefUted  to  redness  it  loses  the  property  of 
ehemically  combining  with  water  (hardening  with 
water),  it  is,  to  use  the  common  expression^ 
"  burnt  to  death ; "  it  has  not,  however,  lost  its 
solubility  in  water,  and  its  aqueous  solution, 
evaporated  to  dryness,  and  heated  gently,  still 
possesses  the  properties  of  the  crystallized  (hy- 
drated)  gypsimi.  Nitrate  of  silver,  ammonia, 
ferrocyanide  of  potassiimi,  and  hydrosulphuret 
of  anmionia,  cause  no  change  in  its  solution ; 
Vide  Calc.  Carbon). 


CALCIUM  SULPHURATUM. 

Calcii  Sulphidum, — Sulphur et  of  Lime, 

Formula  :  CaS  ;  or, 

3CaS+(CaO  +  S03). 

Preparation, — {a\  The  pure,  — Z  Parts  of  finely- 
powdered  crystalhzed  sulphate  of  lime  (native 
gypsum),  are  intimately  mixed  with  1  part  of 
finely  powdered  wood   charcoal,  the  mixture  well 
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pressed  into  an  earthen  or  black  lead  cmcibley 
ooyered  with  a  thin  layer  of  charcoal  powder,  and 
the  cover  luted  with  the  exception  of  a  yery  small 
opening  on  the  top  ;  when  the  luting  is  dry,  heat  is 
applied,  at  first  gently,  and  afterwards  strongly,  in 
a  good  wind  furnace  for  at  least  one  hour.  When 
entirely  cooled,  the  crucible  is  removed,  the  upper 
portion  of  the  contents  taken  off,  the  remainder 
powdered  in  a  mortar,  and  kept  in  a  well-closed 
vessel.    The  yield  is  nearly  1|  parts. 

(b)  That  containing  Gypsum, — 2  Parts  of  hydrate 
of  hme  are  intimately  mixed  with  1  part  of  pow- 
dered sulphur,  placed  in  a  crucible  with  a  thin 
layer  of  hydrate  of  lime  at  the  top,  the  crucible 
closed,  as  in  (a),  and  heated  in  a  moderate  fire 
until  at  the  upper  part  of  the  crucible  no  stQphur 
flames  are  visible.  The  fire  is  then  increased,  the 
crucible  brought  to  a  red  heat,  and  so  continued  for 
an  hour.  Otherwise  proceed  as  with  (a).  2^  Parts  of 
sulphuret  of  calcium  are  the  product.  Or,  3  parted 
of  finely-powdered  carbonate  of  lime  (chalk),  and 
1  part  of  sulphur,  are  treated  in  the  same  way,  and 
yield  2f  parts. 

To  obtain  a  good  preparation,  not  more  than  2 
pounds  of  the  material  should  be  heated  at  once. 
'.  Recapitulation  (a). — ^The  native  gypsum,  a  com- 
pound of  1  at.  lime,  1  at.  sulphuric  acid,  and  2  at. 
water,  loses  its  water  when  moderately  heated  ;  at 
a  still  higher  temperature  the  carbon  abstracts  from 
it  all  its  oxygen,  which,  &om  excess  of  the  former, 
passes  off  as  carbonic  oxide,  sulphuret  of  calcium 
forming"  the  residue. 

1  at.  CaO  +  SO3+  2H0,  and  4  at.  C,  form 
1  at.  CaS,  4  at.  CO,  and  2  at.  HO. 

1075  Parts  of  hydrated  sulphate  of  lime  reqidre 
300  of  pure  carbon,  but  on  accoimt  of  impurities  in 
wood  charcoal,  somewhat  more  is  necessary.  If 
the  gypsiun  contains  iron  and  manganese^  as  is 
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generally  the  case,  these  metals  are  conyerted  from 
sulphates  into  sulphurets.  The  superficial  layer  of 
charcoal  is  to  prevent  the  oxidizing  action  of  the 
air. 

r  (b)  By  heating  the  hydrate  of  lime  with  sulphur, 
the  water  of  the  hydrate  of  lime  is  first  given  oft, 
then  one  portion  of  sulphur  absorbs  the  greater 
portion  of  the  oxygen  combined  with  the  lime, 
converting  it  into  sulphuric  acid,  which  unites  with 
part  of  the  lime,  the  remainder  of  the  sulphur  com- 
bining with  the  calcium  to  simple  sulphuret  of 
calciimi : 

4  at.  CaO  +  HO,  and  4  at  S,  form 

3  at.  CaS,  1  at.  CaO  SO3,  and  4  at.  HO. 

1850  Parts  of  hydrate  of  lime  require  only  800  parts 
of  sidphur,  but  rather  more  than  this  is  used,  a 
portion  being  volatilized  during  the  reaction.  The 
lime  covering  answers  the  same  purpose  as  the 
charcoal. 

In  using  carbonate  of  lime  the  process  is  exactly 
the  same,  only,  instead  of  water,  carbonic  acid  is 
given  off.  2600  Parts  of  carbonate  of  lime  require 
800  parts  of  sulphur. 

-  Properties, — Pure  sulphuret  of  calcium  is  in 
reality  a  white  powder,  inclining  more  or  less  to  red 
or  gray  (from  the  iron  or  manganese  contained  in 
the  materials  used),  which  is  of  no  consequence  in 
its  application.  That  prepared  according  to  the 
first  process  is  gray,  from  the  charcoal  mixed  with 
it.  In  the  air  it  has  a  feeble  smell  of  sulphuretted 
hydrogen.  The  reason  of  this  is  the  water  and 
carbonic  acid  contained  in  the  air,  which  occasion 
the  formation  of  sulphuretted  hydrogen  and  car-> 
bonate  of  lime : 

1  at.  CaS,  1  at.  HO,  and  1  at.  COj,  form 
1  at.  CaO  +  COj,  and  1  at.  HS. 

.  The  quantity  of  sulphuretted  hydrogen  thus  given 
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off  is,  however,  inconsiderable,  for  at  the  same  time, 
and  far  more  energetically,  the  oxygen  of  the  air 
acts  not  only  on  the  calcium  but  also  on  the  sulphur, 
forming  hyposulphurous  acid  and  lime.  Half  of  the 
lime  combines  with  the  hyposulphurous  acid,  and  the 
other  half  with  the  carbonic  acid  of  the  air  • 

2  at.  CaS,  4  at.  O,  and  1  at.  COj,  form 
1  at.  CaO  +  2  SO,  and  1  at.  CaO  +  COj. 

When  all  the  sulphuxet  of  calcium  is  decomposed, 
the  continued  action  of  the  oxygen  of  the  air 
converts  the  neutral  hvposulphite  of  lime  into 
sulphur  and  sulphate  of  Imie  : 

1  at.  CaO  +  2  SO,  and  1  at.  O,  form 
1  at.  CaO  +  SO3,  and  1  at.  S. 

The  final  result  of  the  action  of  the  air  on  sul- 
phuret  of  calcium  is,  therefore,  carbonate  of  lime, 
sulphate  of  lime,  and  sidphtir ;  or, 

2  at.  CaS,  1  at.  COg,  and  5  at,  O,  form 

1  at.  CaO  +  COg,  1  at.  CaO  +  SO3,  and  1  at.  S. 

It  requires  some  time  to  effect  the  entire  decom- 
position. 

Water  takes  up  j^  part  its  weight  of  stQphuret 
of  calciimi,  the  solution  has  a  strong  alkaline  reac- 
tion, and  hepatic  taste.  When  the  process  (6)  has 
been  followed,  it  gives  with  chloride  of  barium  a 
large  precipitate  of  sulphate  of  baryta ;  but  if  the 
same  occurs  with  that  prepared  by  (a),  the  sulphate 
of  lime  has  either  not  been  entirely  reduced,  or, 
from  access  of  the  air,  it  has  again  oxidised.  In 
the  latter  case,  carbonate  of  lime  will  alao  be  pre- 
sent. If  on  the  addition  of  dilute  hydrochloric 
acid  to  the  sulphuret  of  calciimi,  an  efl^rvescence, 
without  a  smell  of  sulphuretted  hydrogen,  takes 
place,  the  sulphuret  is  all  oxidized ;  if  sulphuretted 
hydrogen  is  given  off,  it  may  be  distinguished  from 
carbonic  acid  by  passing  into  lime  water,  in  which 
carbonic  acid  causes  a  precipitate  |  or  ij  lH>iling» 


0AL0I17X  SXTXiPHUfiATUM  HTDBATICUM.  227 

filtering,  and  well  washing  out  all  the  sulphnret  of 
calcium,  and  then  treating  with  hydrochloric  acid, 
which  will  give  an  effenrescence. 


CALCIUM  SULPHURATUM  HYDRATICUM. 

Rtutna  Turoarum, — Maaaa  Depilatoria, — Hydraied 
SuJlphuret  of  Calcium, 

Formula:  CaS  +  HS  +  xHO. 

Prqwraium,-^!  Part  of  hydrate  of  lime  is  rubbed 
with  \\  parts  of  water  to  a  fine  creamy  consistence, 
poured  into  a  deep  cylindrical  glass,  and  with  fre* 
quent  stirring  sulphuretted  hydrogen  is  slowly  passed 
in  until  in  excess,  which  is  known  by  the  xnilk  of 
lime  exhibiting  no  white  spots,  and  when  shaken  up 
giving  off  a  strong  odour  of  the  gas.  3  Parts  of 
sulphuret  of  iron  and  18  parts  of  dilute  sulphuric 
acid  will  be  requisite.  The  grey  mass  is  kept  in  a 
well-dosed  bottle. 

BecapUuiation, — ^When  sulphuretted  hydrogen  and 
hydrate  of  lime  come  in  contact,  they  exchange 
elements,  the  calcium  combines  with  the  sulphur  to 
sulphuret  of  calcium,  the  hydrogen  with  oxygen 
forming  water : 

1  at.  CaO,  and  1  at.  HS,  form 
1  at.  CaS,  and  1  at.  HO. 

463  Parts  of  hydrate  of  lime  decompose  213  parts 
of  sulphuretted  hydrogen,  evolved  from  550  parts  of 
sulphuret  of  iron.  The  sulphuret  of  calcium  for 
want  of  sufficient  water  is  formed  but  slowly,  and  in 
proportion  as  the  lime  dissolves,  consequently  the 
gas  must  not  be  too  rapidly  evolved.  Under  any 
circumstances  a  considerable  portion  of  the  gas  will 
escape  undecomposed,  whilst  another  part  remains 
dissolved  in  the  mass,  and  these  are  reasons  why  the 
quantity  of  sulphuret  of  iron  is  more  than  doubled. 
The  iron,  always  present  in  common  lime,  will  be 
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conyerted  into  black  Biilphnret  of  iron,  and  imparl 
9.  grey  colour  to  the  mass. 

Properties, — The  preparation  forms  a  grey  pasty 
mass  smelling  strongly  of  sulphuretted  hydrogen,  of 
a  powerful  alkaline  reaction  and  hepatic  taste* 
When  it  no  longer  possesses  these  properties,  it  is 
decomposed,  from  the  action  of  the  air  {vide  Cal- 
cium Sulphuratum),  and  useless. 


CALCIUM  SULPHURATUM  STIBIATUM. 

Cahii  Antimonio  StUphidum. — SiUphuret  of  Antimony 
and  Sulphuret  of  Calcium, — PLoffmaniCs  Antimonial 
Sulphuret  of  Calcium, 

Formula  op  that  prepared  in  the  Dry  wat  : 
CaS  +  SbgSg,  xCaO  +  SO3,  xCaO,  xCaS  +  SbaSg. 

Formula  of  that  prepared  in  the  Wet  way  : 
3CaS  +  SbgSj,  xCaO  +  SbgOj,  xCaO  +  HO. 

Preparation, — (a)  By  the  dry  method, — 4  Parts  of 
hydrate  of  lime,  1  part  of  sulphur,  and  1  part  of  native 
6ulphtiret  of  antimony,  which  altogether  must  not 
exceed  2  pounds  in  weight,  are  very  finely  powdered, 
intimately  mixed,  tightJy  pressed  into  an  earthen  or 
black  lead  crucible,  covered  with  a  thin  layer  of  lime 
and  the  crucible  covered  and  luted,  all  but  a  sm^ 
opening ;  the  heat  is  at  first  gently  applied  and  then^ 
brought  to  redness  for  half  an  hour  and  allowed  to 
cool.  The  brown  pulverulent  mass  beneath  the  layer 
of  lime  is  placed  in  a  well-closed  bottle.  The  yield 
is  about  5  parts.  Various  formulas  being  given  in 
the  different  pharmacopoeias  for  this  preparation,  as 
many  kinds  are  obtained ;  consequenfly  each  should 
employ  the  method  of  his  own  pharmacopoeia.  The 
above  is  the  Bavarian. 

(b)  The  wet  method, — Some  pharmacopoeias  direct 
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lid*  pnmntlBn  to  be  made  by  the  wet  inethod,  3 
Pvfei  01  hydrete  of  lime  ere  mixed  in  a  poix^€laia 
dfah  iMk  2  parte  of  gtdden  enl^liiiret  of  antimony, 
ind  S4  piorta  of  water,  the  mixture  with  comttant 
adning  em^arated  to  dryneea.  The  pale  yellow 
pofwder  tboa  obtained  mnat  be  kept  in  a  well-eloaed 
botde ;  it  deeompoaea  fur  more  readfly  than  that 
pnptored  by  the  method  (a).  In  thia  preparation, 
*  alaoy  the  pniporliona  of  the  diflfarent  pharmacopceiaa 

^sioqp^ukUhn^a)  When  hydrate  of  lime,  anl. 
pihiir,  and  aulphnret  of  antimony  are  heated  together 
m  their  relative  pwqportiona,  the  latter  takeanp  more 
nhblrar,  Ihrmtng  the  hisheat  anlpbnret  of  antimony, 
and  the  remainder  of  the  anl^hnr  acta  on  the  lime 
(aa  in  eaknmn  anJ^^fanratnm),  forming  anlphnret  of 
ffimiww  and  awlphBte  of  lime,  the  foimer  of  idiich 
eombinea  iAAl  tne  higheat  aulphnret  of  antimony, 
^la^afag  a  aolphnr  aalt ;  the  water  of  hydration  of 
the  Hme  ia  erolTed ; 

4  it.  CaO,  6at.  8,  and  1  at.  Sb,S„  form 
1  at.  8Ca8-i-Sb^0,and  1  at.  GaO  +  SOs. 

1400  Parts  of  anhydrous  or  I860  parts  of  hydrate  of 
Hme  require  1200  parts  of  stdphnr  and  2212  parte 
of  black  snlphnret  of  antimony.    That  prepared  ac- 
cording to  tiie  pharmacopoeia  cannot  have  this  pro- 
portion as  it  contains  far  more  lime.    In  the  pre- 
ceding proportion,  containing  an  excess  of  lime,  -viz., 
4  perta  of  hydrate  of  lime,  1  part  of  sulphur,  and  1 
of  anlphuret  of  antimony,  we  find  that  these  cor- 
respond to  19  at.  of  hyi&ate  of  lime » 8787  parts, 
11  at.  of  sulphur  B  2200  parts,  and  lat.  of  sulphuret 
of  antimony s 22 12  parts.    The  11  at.  of  sulphur 
foirm  with  11  at.  of  lime,  8^  at.  sulphuret  of  calcium 
(CaS)  and  2}  at.  sulphate  of  lime  (CaO  +  SO3).    A 
portion  of  this  sulphuret  of  calcium  combines  with 
the  sulphuret  of  antimony  to  a  sulphur  salt ;  the 
other  pact  with  a  ^rtion  of  the  free  lime  to  a  basic 
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Bulphuret  of  calcium,  so  that  in  reality  we  obtain : 
sulphuret  of  antimony  and  calciumsxCaS  +  SbsSg, 
basic  sulphuret  of  calciumsCaS  +  xCaO,  sulphate 
of  lime  CaO  +  SO3,  and  free  limes CaO.  According 
to  theory  there  should  be  none  of  the  highest  sul- 
phuret of  antimony  KSbjSs  formed  when  the  ingre- 
dients are  in  the  prescribed  proportion,  as  the  Hme 
has  a  greater  affinity  for  the  sulphur  at  a  red  heat 
than  the  black  sulphuret  of  antimony  possesses,  yet 
the  above  preparation  is  never  free  from  the  penta- 
sidphuret ;  the  probable  reason  of  this  is  the  conti- 
guity and  ready  fusibility  of  the  two  substances, 
sulphur  and  STilphuret  of  antimony.  It  also  happens 
that  if  the  proportion  of  STilphur  is  greater  than  is 
necessary  to  convert  all  the  lime  into  sulphuret  of 
calcium,  a  large  proportionate  quantity  of  the  highest 
STilphuret  of  antimony  is  formed ;  when  however  the 
sulphur  i§  not  sufficient  for  this  purposcf,  sulphuret 
of  calciimi  is  formed  at  the  expense  of  the  sulphuret 
of  antimony,  which  is  converted  into  oxide : 

1  at.  Sb^Sj,  and  3  at.  CaO,  form 
1  at.  SbsOs,  and  3  at.  CaS. 

(d)  If  lime  and  the  highest  sulphuret  of  antimony 
(golden  sulphuret)  are  boiled  together  in  water  in 
equivalent  proportions,  a  part  of  the  lime  changes 
elements  with  part  of  the  sulphide,  forming  anti- 
monic  acid  and  simple  STilphuret  of  calcium  ;  the 
former  combines  with  the  rest  of  the  lime,  the  latter 
with  the  pentasulphuret  of  antimony.  These  com- 
pounds are  antimoniate  of  limevCaO-l-SbsSs,  and 
sulphuret  of  antimony  and  calcium  »3CaS  +  Sb2S5. 

18  at.  CaO,  and  8  at.  SbjS^,  form 

3  at  CaO  +  SbjOg,  and  5  at.  3CaS  +  SbgSg. 

6300  Parts  of  anhydrous  or  8325  parts  of  hydrate  of 
lime  require  20896  parts  of  the  golden  sulphuret. 
Hie  proportion  3  parts  of  hydrate  of  lime  and  2  of 
golden  sulphuret  corresponds  to  8(  at.  of  hydrate  of 
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lime  a»  3932  parts  and  1  at,  of  the  golden  sulphuret  of 
antimony 9^2612  parts;  oonsequently,  for  8  at.  of 
the  latter  there  are  68  at,  of  hydrate  of  lime ;  68 — 18 
IB  50  at,  of  free  hydrate  of  lime  in  the  mixture,  and 
to  this  circumstance  the  pale  colour  of  this  prepara- 
tion, compared  with  the  preceding,  is  due. 

Prcp9rtie8,~^(a)  As  prepared  by  fusion  is  a  liver 
coloured  powder  of  hepatic  taste  and  smell.  Cold 
water  dissolres  it  but  partially,  and  in  small  pro- 
portions; the  solution  is  colourless,  of  a  strong 
alkaline  reaction ;  hydrochloric  acid  precipitates 
firom  it,  with  evolution  of  STilphuretted  hydrogen, 
dark  orange  red  flakes,  which  dissolve  when  heated 
with  excess  cd  acid,  excepting  a  trifling  quantity  of 
fulphtir«  The  aqueous  solution  really  contains  a 
basic  comx>ound  of  sulphuret  of  calcium  and  the 
lowest  aulphuret  of  antimony  ;  a  little  hydrochloric 
acid  precipitates  th^  latter,  forming  with  the  sul* 
phuret  of  calcium  siilphuretted  hydrogen  and  chlo- 
ride of  calcium. 

1  at.  CaS,  and  X  at,  HCl,  forms 
1  at.  OaCa,  and  1  at.  HS. 

A  larger  quantity  of  hydrochloric  acid  dissolves  sul- 
phuret of  antimony  (evolving  sulphuretted  hydro- 
gen), 

1  at.  SboSg,  and  3  at.  HCl,  form 

1  at,  Sb^Cla,  and  3  at.  US. 

The  solution  would  be  perfect,  were  not  a  trace  of 
the  compound  of  sulphuret  of  calcium  and  the 
highest  sulphuret  of  antimony  present,  but  this  is 
decomposed  by  hydrochloric  acid  with  the  separation 
of  a  portion  of  its  sulphur  : 

1  at.  3CaS  +  SbgSs,  and  6  at.  HCl,  form 

8  at.  CaCl,  1  at.  SbgClg,  6  at.  HS,  and  2  at.  S. 

Hot  water  takes  up  a  large  portion  of  the  preparation 
but  not  the  whole  of  it ;  ti.e  solution  is  yellowish, 
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and  by  dilution  with,  water  forms  a  reddish.- brown 
precipitate.    This  is  occasioned  by  the  decomposi- 
tion of  the  concentrated  (or  rather  neutral)  solution 
of  the  compound  of  sulphuret  of  calciiun  and  lowest 
sulphuret  of  antimony,  by  excess  of  water,  into  a 
very  basic  soluble  salt  (sulphuret  of  antimony  and 
excess  of  sulphuret  of  calcium)*  and  a  very  acid 
insoluble  salt  (sulphuret  of  calcitun  and  sulphuret  of 
antimony  in  excess).    If  the  precipitate  is  entirely 
free  from,  the  supernatant  liquor,  it  must,  as  it  con- 
tains only  the  lower  sulphuret  of  antimony,  be  quite 
soluble  in  warm  hydrochloric  acid.    Exactly  neutra- 
lized with  hydrochloric  acid,  a  strong  effervescence 
and  evolution  of  sulphuretted  hydrogen  ensues  ;  in. 
this  case  the  basic  sulphuret  of  calcium  is  dissolved, 
and  with  excess  of  acid  and  heat  the  sulphuret  of 
antimony  at  £rst  precipitated  is  again  taken  up, 
leaving  perhaps  a  trace  of  sulphur  (vide  supra) »    If 
the  preparation  is  not  entirely  excluded  from  the  air, 
one  portion  of  the  sulphur  is  liberated  as  such,  the 
remainder  gradually  oxidizing,  forms  STilphuric  acid; 
the  antimony  becomes  converted  into  oxide  of  anti- 
mony or  antimonic  acid;   the  calcium  into  lime 
which  combines  with  carbonic,  sulphuric,  and  anti- 
monic acids.    In  this  state  hydrochloric  acid  causes 
an  effervescence,  but  without  an  odour  of  STilphuret- 
ted  hydrogen,  or  orange  red  precipitate  (separation 
of  sulphuret  of  antimony),  being  formed. 

(6)  The  preparation  by  the  moist  way  is  a  clear 
yellow  powder  of  hepatic  taste  and  smell.  Cold  and 
hot  water  dissolve  from  it  sidphuret  of  antimony  and 
calcium,  together  with  free  lime,  leaving  the  excess 
of  lime  and  antimoniate  of  lime.  The  solution  is  a 
pale  yellow,  of  a  strongly  alkaline  reaction  ;  a  little 
hydrochloric  acid  precipitates,  with  evolution  of 
sulphuretted  hydrogen,  clear  orange  red  flakes  of  the 
highest  sulphuret  of  antimony : 

1  at.  3CaS  +  SbjS^,  and  3  at.  CIH,  form 
3  at.  CaCl,  3  at.  HS,  and  1  at.  Sb^S^. 
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-  The  precipitate  dissolyes  when  boiled  with  hy- 
drochloric acid,  with  separation  of  sulphiir  which 
u  precipitated  : 

1  at  SbgSj,  and  3  at.  HCl,  form 
1  at.  Sl^C4>  3  at.  HS,  and  2  at.  S. 

In  the  air  the  sulphur  salt  is  gradually  converted 
into  sulphate  of  lime,  carbonate  of  lime,  antimoniate 
of  Hme,  and  free  sulphur  ;  the  excess  of  lime  also 
absorbs  carbonic  acid ;  the  preparation  no  longer 
evolTes  sulphuretted  hydrogen,  but  only  carbonic 
acid  when  treated  with  hyc&ochloric  acid,  nor  does 
it  acquire  an  orange  red  colour  {vide  supra). 


CANTHARIDINUM. 

Cantharidme, 

FOBMTTLA  :   C10H6O4. 


Preparatioiu — Coarsely  x>owdered  Spanish  flies  are 
digested  in  a  sand  bath  for  a  day  with  4  parts  of 
water,  strained  through  linen,  pressed,  and  twice 
again  digested  with  2  parts  of  water ;  the  strained 
liquid  is  allowed  to  settle  for  one  day,  the  superna- 
tant oil  separated,  and  after  adding  wood  charcoal 
y^gth  the  weight  of  the  insects,  evaporated  to  dryness 
in  a  water  bath.  The  dry  mass  is  powdered  and 
treated  with  sidphuric  ether  so  long  as  the  solution 
yields  on  evaporation  a  laminated  residue.  This  is 
effected  most  conveniently  in  a  glass  percolator  of 
conical  shape,  the  smaller  end  of  which  is  closed 
with  a  piece  of  thick  linen.  The  percolator  is  fitted 
with  a  cork  into  the  neck  of  a  bottle,  the  extract 
placed  in  it,  and  treated  with  ether,  which  will  yield 
a  yellowish  tincture.  The  wider  upper  end  of  the 
glass  tube  is  loosely  closed  with  a  cork.  The 
scales  after  evaporation  of  the  ether  are  treated  with 

x2 


234  CABBON  SULPHURATUM. 

cold  alcohol  of  80  per  ct.  for  one  day,  frequently 
shaking,  the  alcohol  is  then  poured  off,  the  laminse 
spread  on  blotting  paper  and  dried  in  the  air.  One 
pound  of  Spanish  flies  yields  from  20  to  30  grains  of 
cantharidine. 

Canth^dine  may  also  be  prepared  by  direct 
treatment  of  the  Spanish  flies  with  ether  or  alcohol, 
but  I  cannot  recommend  the  method,  as  by  it  a 
qtumtity  of  fatty  oil  is  extracted,  the  subsequent 
separation  of  which  is  difficult,  and  occasions  a  loss 
of  cantharidine. 

BecapitukUion, — Cantharidine  exists  in  the  insect 
in  an  uncombined  state ;  and  owing  to  the  extractive 
matter  present  is  taken  up  by  water,  in  which 
menstruum  when  pure  it  is  insoluble.  To  dry  the 
watery  extract  rea!dily,  and  obtain  it  in  a  fit  state  for 
exhaustion  with  alcohol,  the  charcoal  is  used.  The 
ethereal  extract  will  yield  with  alcohol  a  yeUow 
(resinous)  matter. 

Properties, — ^Pure  cantharidine  forms  white,  glit- 
tering, odourless  and  tasteless  scales.  In  water  it  ia 
insoluble,  and  nearly  so  in  cold  alcohol,  but  reacQly 
in  boiling  alcohol ;  ether  and  fatty  oils  readily  dis- 
solve it  in  the  cold«  Heated  it  melts  and  volatilizes^ 
in  white  vapoiirs,  which  possess  in  a  marked  degree 
the  stupifymg  odour  of  Spanish  flies,  and  condense 
on  cold  substances. 


CARBON  sulphubatum:. 

Cttrbonia  Stilphidum, — BuSulphuret  of  Carbon^ 

Fobmula:  CSj. 

Preparaiion, — Sulphur  in  the  form  of  vapour  \b 
passed  over  glowing  charcoal,  and  the  volatile  pro- 
duct thus  formed  conducted  into  a  receiver  imder 
water ;  the  apparatus  is  thus  arranged  ;    (a)  ia  a 


t«iM&oC  ilnpiodf  dajor  bbok  lead,  which  l«  teu 
flUbad  ifilk.  an  eaitheawaze  tohe  (b),  incUning 
tfittpty  outwarda,  aad  wall  coated  with  day  at  (/). 
lUa  viaael  iUled  with  freaUy  heated  pieoea  of  chaxw 
aaal  abootthe  aiieof  a  haceliintia  idacedon  the 
gwtaaf  •  wiad  Ihtnarw,  Upon  it  iahitedaa  air-tight 
aartlwn  head  («)« the  beak  of  which  fita  into  ad^ 
am  (i},.  whoae  lower  end  nearly  reachea  to  the 
hoMam  at  a  ghM  leoeifw  (#),  half  fiUed  with  water. 


Hie  head  and  tube  (d)  must  be  well  luted  together, 
but  the  mouth  of  the  recelyer  is  only  loosely  covered 
witii  a  strip  of  bladder.  The  tube  (b),  which  passea 
through  the  wall  of  the  furnace,  and  serves  to  intro- 
duce the  sulphur,  is  closed  with  an  earthenware  or 
cork  stopper.  As  soon  as  the  lutings  are  well  dried, 
the  fire  is  lighted,  and  when  the  vessel  (a)  acquires 
a  red  heat,  &e  sulphur  is  introduced  in  single  piecea 
of  4  or  6  drachn^  about  every  five  minutes,  the 
opening  of  the  tube  being  again  instantly  .(dosed 
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The  evolution  of  gas  commenoes  instandy,  and  a 
heayy  liquid  condenses  under  the  water  in  the 
receiver,  which  must  be  cocked  with  water,  or  better, 
ice  or  snow.  The  operation  is  terminated  when 
sulphur  five  times  the  weight  of  the  charcoal  has 
been  added.  Whilst  the  apparatus  cools,  the  tube 
(b)  must  renudn  open  to  prevent  absorption  of  the 
hquid  in  («).  The  preparation  must  undergo  a 
rectification.  The  supernatant  water  is  poured  off 
as  much  as  possible,  and  the  residual  heavy  liquid 
distilled  nearly  to  dryness  at  a  gentle  heat.  A  small 
portion  is  now  shaken  up  wiSi  some  carbonate  of 
lead  ;  if  this  be  blackened,  (and  it  is  generally  the 
case,)  carbonate  of  lead  is  gradually  added  to  the 
second  distillate  until  a  fresh  portion  does  not  ac- 
quire a  brown  colour,  it  is  then  allowed  to  subside, 
filtered,  and  the  filtrate  preserved  in  a  weU*closed 
bottie.  The  product  is  about  as  much  as  the  sulphur 
employed.  Metallic  apparatus  or  tubes  must  be 
avoided  in  the  manufacture  of  this  substance,  as  they 
are  readily  acted  on,  and  from  the  yield  of  sulphuret 
of  carbon  being  diminished  the  loss  is  a  double  one. 
Recapitulation, — Carbon  and  sulphur  are  without 
mutual  action  in  the  cold,  but  on  sTilphur  being 
conducted  in  vapour  over  charcoal  heated  to  redness, 
the  two  elements  imite  to  a  chemical  compound : 

1  at.  C,  and  2  at.  S,  form 
1  at.  CSj. 

75  Parts  of  carbon  require  400  parts  of  sulphur,  or 
1  part  of  the  former  5|  sulphur ;  but  the  charcoal  is 
not  pure  carbon,  as  it  contains  both  hydrogen  and 
inorganic  constituents.  For  this  reason  a  smaller 
proportion  of  sulphur  would  have  sufficed,  had  it  not 
been  found  in  practice  that  during  the  passage  of 
the  sulphur  vapours  through  the  charcoal  some  por- 
tions escaped  combination,  and  passing  into  the 
receiver  remained  dissolved  by  the  sulphuret  of 
carbon.    The  hydrogen  of  the  charcoal  ailso  causes 
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tile  fbrmatioii  of  Bulphutelted  hydrogen.  To  separate 
the  dieaolred  aulphur  the  rectification  is  necessary, 
wMlst  cBibonato  of  lead  removes  the  Bulphuietlcd 
hydrogen. 

Pr^ifrlia. — Sulphurct  of  earlroii  is  a  rolouileas 
liquid,  of  a  penetrating  stinking  emeU  somewliat 
similar  to  sulphiiretled  hydrogen,  and  a  slinrp  pun- 
gent taste.  Its  spee.  grav.  is  r26.  In  open  vessels  it 
foladliBes  rapidly  at  the  ordinaiy  temperature,  lilte 
ether.  It  has  no  action  on  vegetable  colnurB.  Water 
does  not  dissolve  it ;  but  in  ether,  alcohol,  the  fatty 
and  ethereal  oils,  it  is  readily  soluble.  On  evapora- 
tiou  it  should  yield  no  sulphur  or  fixed  residue.  If 
entirely  volatile,  but  importing  a  black  colour  to 
carbonate  of  lead,  it  is  not  free  from  tulphuretted 
hydrogen. 


CKbrint  Wattr.,  : 

PoBHiTU;  Cl  +  xHO.  ' 

.   Preparation. — At  the  present  moderate  price  of 
'    ■"      "    ■       " '   ■'  ■   is  preferable  to  salt  and  sul- 

ani^ture  of  chlorine.    The 
o  that  for  generating  su^hu- 


8  Farts  hydroohloric  acid  spec,  grav,  I-ISO  are 
poiuwd  with  1  part  of  water  into  the  eyolution  flask 
(fl)t  amd  watai  to  the  depth  of  i  an  inch  into  th& 
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wash  bottle  (5),  whilst  30  parts  of  distilled  water 
are  placed  in  (c).  The  two  glass  tubes  are  weU  fitted 
with  corks  into  the  tubulated  wash  bottle,  luted  and 
fastened  with  bladder,  the  bottle  (c)  arranged  and 
only  loosely  covered  at  the  mouth  with  a  strip  of 
bladder ;  both  bottles  are  coyered  with  black  paper. 
To  the  acid  in  the  eyolution  flask  is  now  added  I  part 
of  powdered  peroxide  of  manganese,  the  opening  of 
the  bottle  closed  with  a  well-fitted  oork  in  whic^  is 
the  short  limb  of  a  glass  tube,  and  gently  warmed. 
The  evolution  of  gas  instantly  commences,  and  so 
soon  as  gas  bubbles  no  longer  appear  in  the  bottle 
(e)  it  is  removed,  closed  with  a  glass  stopper,  sur- 
rounded with  dark  paper,  and  kept  in  a  cool  place. 

If  the  chlorine  water  is  prepared  in  very  cold 
weather,  it  is  necessary  to  observe  that  the  water  in 
neither  bottle  reaches  so  low  a  temperature  as  +  60^ 
Fah.  otherwise  the  chlorine  and  water  form  a 
crystalline  hydrate  and  stop  up  the  tube. 

Recapitulation, — When  hydrochloric  acid  and  pe- 
roxide of  manganese  ss^MnOj  come  m  contact,  the 
oxygen  of  the  latter  combining  with  the  hydrogen  of 
the  acid  forms  water,  one-half  of  the  chlorine  com- 
bines with  the  metal,  forming  protochloride  of  man- 
ganese, the  other  half  is  given  off  in  the  gaseous 
state.  The  water  which  is  previously  mixed  with 
the  acid  and  manganese,  prevents  tiie  too  rapid 
evolution  of  the  gas  : 

1  at.  MnOj,  and  2  at.  HCl,  form 

2  at.  HO,  1  at.  MnCl,  and  1  at.  CI, 

545  Parts  of  pure  peroxide  of  manganese  require 
910  parts  of  anhydrous  hydrochloric  acid,  or  3500 
parts  spec.  grav.  1*130  (=26  per  ct.  anhydrous)  for 
their  entire  decomposition.  As  however  the  native 
peroxide  of  manganese  is  never  quite  pure,  and  an 
excess  is  not  of  consequence,  it  is  better  as  the  cost 
is  low  to  double  the  quantities,  and  instead  of  545 
parts  use  1090,  or  1  part  to  3  parts  of  acid.    The 
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Mnhm  enlfed  fkom  S  jpirte  of  hjdzoohlorio  add 
ksHag  Ibe  abofo-nnaea  etrangtli  is  Buffident  to 
ntazstB  SO  parts  oif  watsr* 

1  TofaniQ  of  water  at  tha  ordinaiT  temperatoxe  alH 
aoriia  STolnmesof  dhlormegas,  and  as  1  cubic  inehof 
nafarat  W^FaluirBiAs  362-46  grains,  and  1  cubic 
huik  of  ahlorinft  at  tiia  same  temperature  weighs 
•"769  grafau;  so  80  fluid  omioes  of  water  (14400 
gndn)  win  raqiiira  2  TDlunes  or  60  fluid  ounces  of 
cUoorliie  (87^  grainiO  ^  ^^  saturation ;  or  1  ounce 
wflltaka  IIP  naarlj  8  grains.  In  the  8  parts  (ounces) 
of  IndroeluKio  add  emploTed,  there  are  864  grains 
of  oloiinB,  1^  hatf  of  whiw  remains  combined  with 
A0  manganese  as  diknide.  If  the  182  grains  of 
cUoorliie  gxvea  off  ware  entirdj  absorbed  by  waterit 
would  saturate  60  ounces,  but  experience  shows  that 
a  portion  passes  through  it  and  escapes  absorption* 
If  onbr  has  the  abore  quantity  of  hydrodiloric  add 
(diat  Wf  the  stoohioinetrical  quantity)  be  taken,  a 
saturated  dbloiiBe  water  is  not  obtamed,  and  thus 
tiie  gnat  oxoeM  of  dilorine  is  necessary.  In-  pre- 
paring laifa  quantities  of  dilorine  water,  the  unab- 
aodbed  chlorine  is  passed  through  milk  of  lime  to  get 
lid  ctf  it  and  preyent  any  disagreeable  effects  from  it. 
By  washing  in  the  bottle  {b)  traces  of  manganese  and 
hydrodiloric  add,  which  may  be  carried  over,  are 
retained.  By  surrounding  the  bottle  with  paper, 
the  action  of  daylight  is  prevented,  which  decom- 
poses the  water  forming  hydrochloric  acid,  oxygen 
being  erolTed ;  (the  direct  simlight  is  a  still  more 
powmul  agent). 

1  at.  CI,  and  1  at.  HO,  form 
1  at.  CIH,  and  1  at.  O. 

The  conTcrsion  of  chlorine  water  into  hydrochloric 
add  goes  on,  though  more  slowly,  even  under  the 
ezdusion  of  the  daylight,  and  for  this  reason  cUorine 
water  must  not  be  kept  too  long,  not  more  than  two 
months. 
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The  residue  from  tlie  preparation  of  chlorine  is 
applicable  for  chloride  of  manganese.  The  excess 
of  peroxide  of  manganese  is  washed,  dried,  and 
reserved  for  a  second  treatment  with  hydrochloric 
acid. 

Properties, — ^Well  saturated  chlorine  water  is  a 
clear,  greenish-yellow  liquid  of  a  peculiarly  choking 
smell,  and  feeble  styptic  taste.  It  bleaches  litmus 
paper  iastantly.  In  the  daylight,  and  more  rapidly 
in  the  direct  sunlight,  it  becomes  colourless  under 
the  formation  of  hydrochloric  acid  and  free  oxygen, 
(vide  supra);*  so  soon  as  all  the  free  chlorine  is  gone, 
litmus  paper,  instead  of  being  bleached,  is  only  red- 
dened by  it.  Chlorine  water,  which  has  lost  its 
colour,  and  smells  but  faintly  of  the  gas,  is  inap- 
plicable to  medical  purposes.  The  formation  of 
hydrochloric  acid  commences  with  the  preparation 
of  chlorine  water,  but  so  long  as  the  quantity  of 
chlorine  preponderates  over  ^at  of  hydrochloric 
acid  in  the  solution,  litmus  paper  will  be  bleached 
by  it.  To  determine  the  presence  of  hydrochloric 
acid,  agitate  for  half  an  hour  with  excess  of  metallic 
mercury,  or  until  aU  smell  of  chlorine  has  disap-< 
peared ;  if  after  filtration  litmus  paper  is  reddened, 
the  presence  of  hydrochloric  acid  is  evident ;  but 
should  the  colour  not  be  affected,  nitrate  of  silyer 
will  cause  an  opalescence  if  it  contain,  the  small- 
est trace  of  hydrochloric  acid.  The  chlorine  com* 
bining  with  the  mercury  forms  calomel  »Hg2Clt 
which  is  insoluble,  whilst  the  hydrochloric  acid  has 
no  action  on  the  metal.  By  previously  weighing 
the  quicksilver,  the  loss  of  weight  sustained  wiu 
give  the  quantity  of  chlorine  in  the  water.  Freshly 
prepared  chlorine  water,  as  already  stated,  contains 
about  three  grains  in  an  ounce. 

*  We  may  assume  that  the  first  portion  of  firee  oxygen  forms 
with  the  chlorine  present,  hypochlorons  acid,  CIO,  which  by 
further  action  of  the  light  and  water  is  oonyerted  into  hydro 
chloric  acid  and  tree  oxygen. 
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tiOBALTUM  OXIDATUM  KITBICUIL 
:  '  iCkitm  Nmra9^^NUna§  of  CfabtOt. 

ToBMxruLi  C!oO-i*N05+2HO. 

.  AivoraliMi. — OnmrnnrcMtlly  pure  Saxon  oxide 
9i  -mSmHv  but  niiielL  always  caataiu  a  little 
■MOfo/and  idekely  Is  digested  for  two  days  with 
liaLUmm  Hi  wei|dit  of  pure  nitric  add,  spec  graT. 
l-Sfi^  ia  i^bss  flaidc.  In  a  ssad  bath,  and  filtered.  I^ 
m  ia  yiwally  the  case^  a  portion  remains  nndis* 
■oMd*  it  is  washed,  dried,  and  resenred  lor  another 
The  add  solntiim  is  eyaporated  in  a 
dish  imdl  a  small  portion  giyes  signs  of 
;  the^sh  Is  then  pla^  in  a  sand 
krtk^  and  wanued  witb  constant  stixring,  so  kmg  ss 
■iliiiljWTW  "l""""  SM  gifen  eS,  and  until  the  Bolnt» 
tioB  beiwmes  a  dry  pomler,  which  is  to  be  kept  in  a 
mil  uiuiad  botde.'  8  Parts  of  UbkA.  oxide  yield 
M jMfCs  jcrT  dry  (snhydroos)  Mdt. 
.  ^C»dbCKtttiiesatteryBtaUiied,itisdi88olTed^^ 
t  fande  beat  In  half  its  weight  of  pnre  distilled 
water,  and  the  solntion  slowly  evaporated  in  a  sand 
hath*.  Instead  of  6f,  the  salt  now  equals  8  parts 
(being  In  combination  with  2  at.  of  water). 

MeeapUuiaiion. — ^The  black  oxide  of  cobalt  met 
with  in  commerce,  and  marked,  if  Saxon,  B,.K.O., 
cantaJTis  rather  more  oxygen  than  the  oxide,  6  at. 
of  cobalt  and  7  of  oxygen  =:Cg07.  Nitric  acid  acts 
on  it  but  slowly,  and  only  by  continued  digestion 
entixely  dissolves  it ;  nitrate  of  oxide  of  cobalt  is 
fimned,  and  oxygen  evolved : 

1  at.  Cfij,  and  6  at.  NOg,  form 
6  at.  C0O  +  NO5,  and  1  at.  O. 

2914  Parts  of  the  black  oxide  require  4050  parts  ot 
anhydrous  nitric  acid,  or  16000  parts  of  acid  of  8pec» 
grav.  1*20  (73  per  ct.  of  water).  In  these  propor- 
tions (1  part  of  oxide  and  6  of  hydrated  aqid)  a 
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small  portion  of  the  fonner  will  always  renxaia 
undissolTed,  consequently  when  an  entire  solution 
is  required,  the  acid  must  be  increased  by  1  or  2 
parts.  In  evaporating  the  solution  to  dryness, 
great  care  must  be  taken,  especially  towards  the 
end  of  the  operation,  that  the  temperature  does  not 
become  too  high,  and  it  must  be  moderated  by  con- 
stant stirring,  otherwise  after  the  evaporation  of  the 
free  nitric  acid,  a  portion  of  the  nitrate  becomes  de- 
composed into  free  nitric  acid  and  a  basic  salt,  the  base 
of  which  by  further  action  of  the  heatis  converted  into 
peroxide  of  cobalt  &=  C2O3,  and  the  acid  robbed  of  one 
atom  of  oxygen  escapes.  When  this  partial  decom- 
position has  occurred,  a  gray  residue  occurs  on 
treating  with  water,  consisting  of  basic  salt  and 
peroxide.  The  anhydrous  and  crystallized  salt  both 
attract  moisture  from  the  air  with  avidity,  and 
deliquesce. 

Properties, — ^Pure  nitrate  of  cobalt  forms  either  a 
violet  powder  or  small  pink  prisms,  smelling  frdntly 
of  nitric  acid,  and  having  a  pungent  and  astringent 
taste ;  it  deliquesces  in  the  air,  and  dissolves  very 
readily  in  water  and  alcohol ;  the  solutions  have  an 
acid  reaction.  After  adding  a  few  drops  of  hydro* 
chloric  acid  to  the  aqueous  solution,  sulphuretted 
hydrogen,  even  on  standing  some  days,  must  cause 
no  change  in  it.  Should  a  yellow  precipitate  ensue, 
it  is  from  arsenic  or  arsenious  acid;  if  dark  coloured, 
copper  may  be  present.  If,  after  the  addition  of 
sal  ammoniac  to  the  solution  of  the  nitrate,  excess 
of  solution  of  ammoniac,  instead  of  entirely  dissolv- 
ing it,  leaves  a  brown  precipitate,  it  shows  the 
presence  of  iron  ;  the  sal  ammoniac  forms  a  double 
salt,  not  decomposed  by  ammonia,  otherwise  a  por- 
tion of  the  02dde  of  cobalt  would  be  thrown  down 
as  a  green  basic  salt  that  does  not  readily  dissolve 
again.  Under  the  same  circumstances  an  apple 
green  precipitate  with  caustic  potash  wiU  arise  from 
nickel,  the  double  salt  of  cob^t  and  ammonia  not 
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being  decomposed  by  potash  in  the  cold,  whilst  that 
of  nickel  is.  If  copper  and  iron  are  present,  the  oxide 
of  nickel  cannot  be  with  certainty  determined  imtil 
these  are  removed,  the  first  by  sulphuretted  hydro- 
een,  the  last  by  anmionia,  as  both  these  metals  are 
mrown  down  by  caustic  potash. 


COLLODIUM. 
Collodion, 


Preparation, — 30  Parts  of  concentrated  sulphuric 
acidy  and  20  parts  of  powdered  nitrate  of  potash, 
are  placed  in  a  glass  cylinder,  weU  stirred  with  a 
glass  rod,  and  1  part  of  clean  and  lightly-com- 
pressed cotton  wool  that  has  preyiously  been  well 
dried  added ;  after  being  allowed  to  remain  not 
more  than  five  minutes,  it  is  withdrawn  and  thrown 
into  a  dish  of  cold  water,  well  washed  several 
times  with  fresh  water,  spread  out  on  a  glass  plate, 
and  dried  at  the  ordinary  temperature.  The  dried 
preparation  (named,  from  its  explosive  properties. 
Gun  Cotton)  is  pulled  and  cut  as  finely  as  possible, 
then  placed  in  a  bottle  with  thirty  times  its  weight 
of  ordinary  ether,  and  thoroughly  shaken  for  some 
minutes,  allowed  to  digest  with  occasional  shaking 
for  some  hours,  strained  through  thick  linen,  and 
the  clear  solution  kept  in  well-stopped  bottles. 

Only  carefully-prepared  gun  cotton  must  be  used 
for  collodion,  and  that  which,  having  undergone  no 
change,  does  not  redden  moistened  litmus  paper. 

Recapitulation, — As  explained  under  the  article 
Acid.  Nitkic.  there  are  formed  by  the  action  of 
sulphuric  acid  on  nitre,  bisulphate  of  potash  and 
free  nitric  acid.  For  the  entire  decomposition  of  the 
nitre  in  the  warm  its  weight  of  sulphuric  acid  is 
necessary ;  the  above  method  gives  half  as  much 
again    sulphuric    acid,  which  partly  compensates 
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for  the  want  of  artificial  heat,  and  also  insures  the 
nitric  acid  in  the  most  concentrated  form.  Of  course 
this  last  acid  maybe  obtained  by  mixing  the  strongest 
nitric  acid  with  a  third,  half,  or  equal  volume  of 
concentrated  sulphuric  acid,  but  I  prefer  the  nitre, 
as  producing  a  cotton  of  greater  solubility  in  ether. 
To  obtain  good  resTilts  the  above  method  must  be 
strictly  followed ;  the  cotton  immersed  in  the  mix- 
ture of  nitre  and  sulphuric  acid  just  made  (and  still 
warm),  and  not  allowed  to  remain  in  it  more  than  five 
minutes,  otherwise  it  acquires  a  yellow  colour,  loses 
its  looseness  of  texture,  and  is  onJy  partially  soluble 
in  ether.  The  change  which  the  cotton  wool 
(C12H10O10)  imdergoes  by  the  action  of  the  nitric 
acid  is  to  lose  the  el^nents  of  3  at.  of  water,  which 
are  replaced  by  3  at.  of  nitric  acid  : 

1  at.  Cx2HioOio>  and  3  at.  NO5,  form 

I  at.  Ci2H,N3022=CiaH707  +  3  NO5,  and  3  at.  HO. 

2025  Parts  of  cotton  wool  should  give  3713  parts 
of  gun  cotton,  but  somewhat  less  than  this  is  ob- 
tained, as  some  portion  of  the  cotton  wool  almost 
always  remains  unacted  on.  The  gun  cotton  ex- 
periences an  incipient  decomposition  when  gently 
warmed,  increasing  with  the  temperature  to  268° 
Fah.,  when  it  explodes.  The  drying,  consequently, 
must  take  place  only  at  the  ordinary  temperature, 
but  even  then  after  some  time  the  gun  cotton 
undergoes  a  change,  acquiring  the  smell  and  acid 
reaction  of  nitric  acid,  becoming,  according  to 
the  extent  of  the  decomposition,  less  and  less 
soluble  in  ether.  It  is  better  to  use  that  recently 
prepared  for  collodion.  Ether  dissolves  the  pure 
product  entirely,  leaving  the  cotton  wool  behind, 
consequently  the  solution  never  has  a  bright  appear- 
ance ;  most  of  the  cotton  is  removed  by  straining, 
the  remainder  deposits  on  standing  ;  when  strained 
it  is  clear  enough  for  all  ordinary  purposes. 

Properties, — ^Collodion  is  a   colourless,   thickish 
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liqnid,  having  a  neutral  reaction,  and  when  spread 
cm  any  surfEice  quickly  forming  a  thin  transparent 
adhesive  pellicle,  unacted  on  by  air  or  water,  and  is 
thexefore  applicable  to  many  surgical  purposes  and 
in  the  arts.  Collodion  "prepaxed  from  gun  cotton 
slightly  decomposed  has  an  acid  reaction,  and 
yields  an  opaque  residue^  which  is  not  adhesive, 
and  consequently  useless. 


CUPRUM  OXIDATUM. 

Cupri  Oxidum, — Oxide  of  Copper, 

Formula  :  CuO. 

Preparation, — (a)  From  Basic  Carbonate  of  Copper, 
— ^A  portion  of  this  salt  is  tightly  pressed  into  a 
Hessian  crucible,  the  latter  covered  and  heated,  at 
first  gently,  and  then  to  redness,  for  half  an  hour. 
Before  it  is  quite  cold,  the  powder  is  removed,  and 
placed  in  a  well-stopped  bottle.  3  Parts  of  carbo- 
nate yield  2  parts. 

(6)  From  Nitrate  of  Copper, — An  earthenware  cru- 
cible is  heated  to  redness,  and  dried  nitrate  of  copper 
thrown  into  it  by  small  spoonfuls  at  a  time,  with  the 
precaution  of  waiting  before  adding  a  fresh  portion, 
until  the  previous  quantity  is  decomposed ;  when 
the  whole  is  in  the  crucible  heat  to  redness  for  half 
an  hour,  and  bring  the  heavy  black  powder  whilst 
warm  into  a  well-closed  botlie.  5  Parts  of  nitrate 
of  copper  give  2  parts  of  oxide. 

Recapitulation  {a). — The  basic  carbonate  of  copper 
(CuO  +  COjj,  CuO  +  HO)  loses  its  carbonic  acid  and 
water  by  heating,  leaving  pure  oxide  of  copper. 
(b)  The  dry  nitrate  of  copper  also  allows  its  acid 
to  escape,  which  for  want  of  water  is  at  the 
moment  of  its  liberation  decomposed  into  hypo- 
nitric  acid  (=N04)  and  oxygen,  consequently  the 
vapours  from  the  crucible  -are  not  colourless,  but 

y2 


246  CUPRUM  OXIDATUM  ACBTICUM. 

brownish  yellow.  As  the  oxide  of  copper  readily 
attracts  moisture,  it  must  whilst  still  warm  be 
excluded  from  the  atmosphere. 

Properties, — Oxide  of  copper  is  a  black  powder, 
which,  prepared  by  the  process  (o),  is  light,  but 
that  from  (6)  heavy  and  compact.  It  has  neither 
smell  nor  taste.  In  acids  it  is  readily  soluble,, 
forming  green  or  blue  solutions,  rendered  deep  blue 
by  excess  of  ammonia ;  by  a  sniall  quantity  of  am- 
monia a  greenish  precipitate  is  certainly  formed, 
but  it  disappears  on  adding  more  of  the  precipitant. 
The  theory  of  this  behayiour  with  ammonia,  as  gene- 
rally accepted,  is  that  the  ammonia  takes  the  acid 
from  the  oxide  of  copper,  with  which  the  ammo- 
niacal  salt  thus  formed  combines,  all  being  precipi- 
tated together,  but  this  precipitate  is  dissolved  on 
the  addition  of  more  ammonia,  which,  combining. 
with  it,  forms  a  soluble  salt — for  instance : — 

1  at.  CuO  +  NOg,  and  1  at.  NHg,  form 

1  at.  NH3  +  CuO  +  NO5  as  a  green  precipitate,  and 

this  with 
1  at.  NH3,  and  1  at.  HO,  forms 
i  at.  NH4O  +  NO5,  NH3  +  CuO. 

If  on  treating  the  oxide  of  copper  solution  with 
excess  of  ammonia,  there  is  a  brown  flocculent 
residue,  it  results  frojji  peroxide  of  iron. 


CUPRUM  OXIDATUM  ACETICUM. 

Cupri  Acetas, — JErugo  depurata,  aeu  CrystaUtzaUt, — 
Neutral  Acetate  of  Copper, 

Formula:  CuO  +  A  +  HO. 

Preparaiion,  —  1  Part  of  ordinary  verdigris  is 
Jibbed  with  %  parts  of  distilled  water,  the  mixture 
Seated    in    a   porcelain  dish,  and  with  constant 
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■tinlBg  oomoentnted  aoetio  add  is  added  untQ  tha 
nAfllSili  diitolved  (1  part  of.aoid  spec.  grar.  1*045), 
ffltand  iiidlst  hot*  and  tiie  filtrate  placed  in  a  co^ 
■poCfcr  cgyitaltiiatimi.    After  riome  days  the  motlier 

llqpfOir  la  Mpanrted,  and  eyii^Kirated  to  crystallizad^ 
miialedly,  ao  long  aa  it  contiidns  any  salt.  The 
orntala  are  collected,  spread  on  filtering  paper, 
dnad  at  the  oirdlnarj  tenmerature,  and  kept  in  a 
dna'ed  hottle.  lliey  wei§^  rather  more  than  the 
TfMJWrfa  mod* 

•  JBJwwpfftifatfini. «—  Verdigria  ia  a  baaic  acetate  of 
tisid*  of  cofpper,  having  the  composition  2CaO  -K 
K+0BOm  li  reqinreB  another  atom  of  acid  for  its 
49ummian  into  a  neutral  salt  entirely  soluble  iit 
r,  of  wMch  2  eq.  are  then  Ibrmed* 


1  ai  8  OnO-i- A+6  HO,  and  1  at.  A,  finm 
2a«.  CaO+ A-fHO,  and  4  at  HO. 

i806  Parts  of  Terdigria  require,  according  to  theory^ 
qbdIj  1772  parts  of  acetic  add,  spec.  gray.  1*045 
(—64  per  ct.  -water);  a  slight  excess  of  add  is  how- 
ever necessary,  otherwise  the  salt  will  not  dissolve  i 
the  impurities  mechanically  mixed  with,  yerdigris,. 
as  grape  skins,  wood,  &c.,  remain  behind  on  the 
filter. 

Properties, — ^Neutral  acetate  of  copper  forms  dark 
green  rhombic  prisms,  haying  a  feeble  smell  of 
acetic  add,  and  nauseous  metallic  taste;  it  effer- 
yesces  in  the  air,  becoming  coated  with  a  pale  green, 
powder.  Water  at  the  ordinary  temperature  dis* 
solyes  n,  and  boiling  \  of  the  salt.  Alcohol,  with 
greater  difficidty,  di^lyes  it  also.  It  must  form  a 
perfectly  dear  solution  with  carbonate  of  ammonia. 
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CUPRUM  OXIDATUM  CARBONICUM 

BASICUM. 

Cupri  Subcarbonas, — Basic  Carbonate  of  Copper, 

FOKMULA  : 

2CuO  +  CO2  +  HO  =  CuO  +  COjj,  CuO+HO. 

Preparation, — 1  Part  of  sulphate  of  copper  is 
dissolyed  in  10  parts  of  pure  water,  and  a  solution 
of  carbonate  of  soda,  in  three  times  its  quantity  of 
water,  is  added  so  long  as  it  causes  a  preciintate 
(rather  more  than  1  part  of  (arystallized  soda  will 
be  foimd  necessary) ;  this  is  allowed  to  deposit, 
thrown  on  a  filter,  washed  thoroughly  with  water, 
and  dried  with  a  gentle  heat.  The  yield  is  not 
quite  half  that  of  the  STilphafce  used. 

EecapittUation, — ^When  carbonate  of  soda  solu- 
tion comes  in  contact  with  one  of  sulphate  of 
copper,  it  takes  from  the  latter  its  sulphuric  acid, 
whilst  the  oxide  of  copper,  combining  with  half 
the  liberated  carbonic  acid,  is  thrown  down  as  a 
basic  carbonate  of  copper : 

2  at.  CuO  +  SOg  +  SHO,  and  2   at.    NaO  +  C02  + 

lOHO,  form 
1  at.  2CuO  +  C02  4-HO,  2  at.  NaO  +  SOs,    1  at, 

CO2,  and  29  at.  HO. 

3118  Parts  of  sulphate  of  copper  require  3580  parts 
of  soda. 

Properties, — ^Basic  carbonate  of  copper  is  a  clear 
green  light  powder,  odourless  and  tasteless,  dis- 
solving in  acids  with  effervescence,  and-  being 
soluble  in  caustic  ammonia.  Heated  to  redness,  it 
is  reduced  to  pure  oxide  of  copper.  Water  boiled 
in  it  must  give  no  precipitate  with  chloride  of 
barium,  otherwise  sulphate  of  soda  is  present.  Any 
iron  that  may  be  present  is  known,  as  with  oxide 
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r,  bjr  lite  farown  ntldiie  <m  treatiiig  with 
■mtaooia;  if  tiie  common  eommerdal 
imljliatft  of.oopper  lum  been  used,  sine  may  Im^ 
mSmat,  To  detennine  thie,  dissolTe  the  pomLeir 
la  nitds  Mid»  decompoie  the  aoliitioii  with  excess 
«f  otnstie  potM^  filter  and  add  to  the  filtrate  a  few 
dioiM  of  hydzosiil^nret  €i  ammonia  i  if  this  oanses 
tf^iraftbeptM^litatesifM  is  present.  Oxides  of  copper 
ind  iMm  an  enlitely  thrown  down  from  the  sohitioid 
'«f  tte  idfnte  by  eanstio  potash,  whilst  excess  of 
Mm  hoUte  oadde  of  sine  in  solntion;  but  hydros 
ii1f^>"«^  of  ammonia  causes  the  precq>itatlon  of 
tiM  litter  with  the  ihrmatiim  of  white  st^phnret  of 
diu^  SQJ^nret  of  potasshmi,  and  free  ammonia^ 
wlileih  hm  not  the  power  of  dissolying  sulphureC 
«f  jrfne. 
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€kipriNUrm.^NitruU  of  Copper. 
FoBiftTLA.  ov  THB  Dried  Salt  :  CuO  +  NOg. 

FOBMULA  OF  THE  G&TSTALLIZED  ;  CuO  +  NO^  +  3H0. 

Preparation, — Small  pieces  of  metallic  copper 
or  copper  scales  are  added  to  nitric  acid,  spec.  gray. 
1*20,  in  a  capacious  glass  flask,  until  the  metal  is 
no  longer  ^cted  on  (8  parts  of  acid  of  this  strength 
dissolve  1  part  of  metal ;  7  parts  of  acid,  1  part  of 
copper  scales) ;  the  flask  is  then  placed  in  a  sand 
bath,  and  warmed  to  dissolye  the  last  portion  of 
acid;  the  solution  is  allowed  to  settle,  then  de-. 
eanted,  filtered,  and  evaporated  with  constant 
stirring  in  a  porcelain  dish,  at  first  over  a  naked 
fire,  and  afterwards,  when  the  mass  becomes  pasty, 
on  a  sand  bath  to  dryness.  The  dried  powder  is 
instantly  placed  in  a  well-.closed  bottle. 

If  the  salt  is  required  crystallized,  the  powder  i 
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dissolyed  in  half  its  weight  of  pure  water,  in  the 
sand  or  water  bath.  The  crystals  separating  in  the 
cold  must  be  quickly  dried  between  paper,  and  kept 
from  contact  of  the  air. 

1  Part  of  metal  forms  3  parts  of  dry  and  nearly 
4  parts  of  crystallized  salt.  From  1  part  of  copper 
scales  rather  less  is  obtained. 

EecapitttkUian. — ^When  metallic  copper  and  nitric 
acid  come  in  contact,  there  is  even  in  the  cold  a 
liyely  action,  and  the  copper  is  dissolved ;  1  at.  of 
nitric  acid  giyes  up  3  at.  of  oxygen  to  3  at.  of 
copper ;  the  oxide  of  copper  thus  formed  combines 
with  3  at.  nitric  acid  to  nitrate  of  copper,  whilst 
the  nitric  acid,  deprived  of  ita  3  at.  of  oxygen,  is 
given  off  as  nitric  oxide  ^NOg*  and  coming  in  con- 
tact with  the  air  acquires  2  at.  of  oxygen,  forming 
brownish-yellow  vapours  of  hyponitric  acid^NO^. 

3  at.  Cu,  and  4  at.  NOg,  form 

3  at.  CuO  +  NOg,  and  X  at.  NOg ;  the  latter  with 

2  at.  0=04. 

1188  Parts  of  copper  require  2700  parts  of  anhy- 
drous nitric  acid,  or  10000  parts  of  spec.  grav.  1*20 
(containing  27  per  ct.  of  anhydrous  acid).  In  using 
copper  scales,  which  are  principally  protoxide  of 
copper,  a  saving  of  acid  is  effected.  We  then 
have  from 

3  at.  CujO,  and  7  at,  NO5, 

6  at,  CuO  +  NO5,  and  1  at.  NOg. 

Or,  2676  parts  of  protoxide  require  4725  parts  of 
anhydrous  nitric  acid. 

The  evaporation  of  the  salt  must  towards  the  end 
be  most  carefully  conducted,  as  the  combination  of 
nitric  acid  with  oxide  of  copper  is  not  very  stable, 
and  even  in  the  sand  bath  may  be  converted  into 
free  acid  and  a  basic  salt,  if  too  high  a  temperature 
is  not  prevented  in  any  portion  of  the  salt  by  con- 
stant stirring. 
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Properties, — ^Nitrate  of  copper  forms  either  a  pale 
Uue  cryBtallme  powder  or  deep  blue  rhombic 
prigniA,  smelling  fiediitly  of  nitric  acid,  and  of  a 
nauseous  pungent  metaUic  taste  and  acid  reaction. 
It  deliquesces  in  the  air ;  water  and  alcohol  both 
dissolve  it.  Heated  in  a  platinum  spoon  it  fuses, 
giving  off  water  and  nitric  acid,  and  leaving  a  clear 
green  basic  salt^fiCuO  +  NOg,  which  still  further 
heated  becomes  pure  oxide  of  copper.  Oxide  of 
iron,  with  which,  from  the  copper,  it  is  generally 
contaminated,  may  be  detected  as  in  the  loregoing 
preparations. 


CUPRUM  OXIDATUM  SULPHUEICUM. 

Cupri  Sttlphas, — StUphate  of  Copper, — Bliie  Vitriol, 

Formula  :  CuO  +  SOj  +  SHO. 

Preparation. — 2  Parts  of  metallic  copper  in  small 
pieces,  3 J  of  concentrated  sulphuric  acid,  12  parts 
of  water,  and  4  parts  of  nitric  acid,  spec.  grav. 
1*20,  are  put  into  a  glass  flask,  and  the  latter  placed 
in  a  sand  bath,  heated,  at  first  gently,  and  after- 
wards boiling,  as  long  as  there  is  any  perceptible 
action  on  the  copper ;  it  is  then  filtered,  and  placed 
in  a  cool  spot.  The  salt  which  separates  after  some 
days  is  collected,  the  mother  liquor  evaporated  so 
long  as  crystals  will  form ;  these  are  spread  on  a 
piece  of  filtering  paper  to  dry  in  the  air.  The 
produce  will  be  7  parts  of  blue  vitriol  for  2  of 
copper. 

In  this  case,  instead  of  metallic  copper,  the 
copper  scales  will  be  more  economical  to  use ;  the 
relative  proportions  in  this  case,  substituting  2  parts 
of  nitric  acid  for  4,  will  remain  the  same. 

Recapitulation, — Metallic  copper  is  scarcely  acted 
on  by  dilute  sidphuric  acid,  even  when  warmed ; 
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the  addition  of  stifficient  nitric  acid  to  oxidize  it 
causes  it  readily  to  dissolve.  The  nitric  oxide  from 
the  reduced  nitric  acid  is  eyolyed,  and  forms  the 
1t>rown  yapours  of  hyponitric  acid : 

3  at.  Cu,  3  at.  SO3,  and  1  at.  NO5,  form 
3  at.  CuO  +  SO3,  and  1  at.  NOj. 

1188  Parts  of  copper  require  1839  parts  of  hydrated 
sulphuric  acid,  and  2500  parts  of  nitric  acid  spec, 
gray.  1'20  (27  per  ct,  anhydrous  add) ;  the  re- 
mainder of  the  process  requires  no  explanation. 
By  using  copper  (forge)  scales  less  nitric  acid  is 
requisite,  as  they  consist  principally  of  suboxide  of 
copper  ^CujO,  which  already  contains  the  half  of 
the  necessary  oxygen. 

On  the  small  scale  sulphate  of  copper  is  generally 
prepared  by  boiling  small  portions  of  copper  with 
concentrated  sulphuric  acid,  one  portion  of  which 
yields  one  atom  of  oxygen  to  the  copper,  and  passes 
off  as  sulphurous  acid ;  the  oxide  of  copper  thus 
formed  combines  with  another  portion  of  the  s\il- 
phurous  acid: 

1  at.  Cu,  and  2  at.  SO3,  form 
1  at.  CuO  +  SO3,  and  1  at.  SOj. 

396  Parts  of  copper  require  1226  of  concentrated 
sulphuric  acid.  This  is  more  than  is  indicated  by 
theory,  but  during  the  process  a  portion  of  the  acid 
yolatilizes  imdecomposed,  and  eyen  with  a  yery  large 
excess  the  solution  always  contains,  besides  siilphate 
of  copper,  some  portions  of  the  metal  more  or  less 
oxidized.  This  process  is  only  to  be  recommended 
in  cases  where  the  sulphurous  acid  can  be  employed, 
as  in  bleaching,  &c.* 

Properties. —  Sulphate  of  copper  forms  deep  blue 
transparent  oblique  rhombic  crystals,  is  odourless, 
and  possesses  an  astringent  nauseous  metallic  taste. 

*  Or  the  formation  of  sulphites.— £0. 


opjmuM  cammpK  «ui«paujiiouM  ammohiatum.  258 

Brpoirf  to  the  tir  it  gradually  giyea  off  water  and 
aeqpilcea  a  white  eoating.  Heatol.it  fiuea,  losing  ita 
fntm  and  ibrminga white maaa>  which  at  a  zed  heat 
alao  gi:vea  off  its  aoid,  yielding  oxide  of  copper.  It 
diiaoTfca  in  S|  cold,  an  eqiial  wei^t  of  hi^  water 
and  ia  inaolubLe  in  alcohoL  Its  aolation  has  an  add 
naetaooL.  The  ordinary  blue  Titriol  prepared  from 
BBtiv^aii^uzet  of  coi>per  containa  aoYcxal  impnzi- 
tiaa,  especially  osride  if  Won  and  oxidB  of  stno;  the 
detoetion  of  theae  ia  deecribed  nnder  Cupbxtk  Ca&- 


CUPRUM  OXIDATUM  SULPHURICUM 
AMMONIATUM. 

CMpri  Ammiomo  Suipha$, — Ammoni(Ued  Su^haie  oj 

Copper, 

Vovhull:  (N£[40  +  S08)  +  (NH3  +  CuO}. 

Pnpamihn, — Sulphate  of  copper  is  finely  pow- 
dered in  a  porcelain  mortar,  and  Uquor  ftrnwinnia. 
add^  tmtil  the  salt  is  dissolved.  1  Part  of  blue 
Titriol  requires  about  3  parts  of  ammonia  spec.  gray. 
0*960.  The  solution  is  poured  into  a  glass  cylmder 
containing  twice  its  weight  of  alcohol  of  80  per 
ct. ;  the  Uquids  are  wdl  mixed,  the  blue  crys- 
talline powder  allowed  to  subside,  collected  on  a 
linen  cloth,  pressed,  and  spread  on  filtering  .paper  to 
dry ;  the  paper  must  be  renewed  as  long  as  it  be- 
eomea  damp,  and  when  the  salt  is  thoroughly  dry  it 
ia  to  be  kept  in  a  well-closed  bottle.  The  weight  of 
the  product  will  be  about  that  of  the  sulphate  of 
copper  used.  If  desired  in  large  crystals,  the  am- 
moniacal  solution  is  first  introduced  into  the  cylinder, 
then  the  alcohol,  taking  care  that  the  two  liquids  do 
not  become  mixed;  the  vessel  is  tied  over  with 
bladder,  and  allowed  to  remain  for  some  weeks  in  a 

z 
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cool  place.    The  salt  is  then  collected  and  dried  as 
in  the  preceding  method. 

Recajntidatum. — ^In  order  the  more  readily  to  un- 
derstand the  process,  we  will  suppose  the  sulphate 
of  copper  to  be  dissolved  in  water ;  in  this  solution 
ammonia  added  by  drops  causes  a  greenish  precipi- 
tate, which  however  Is  soluble  in  an  excess  of  the 
precipitant,  to  a  deep  blue  liquid.  The  green  pre- 
cipitate is  thus  formed : — 1  at.  of  anhydrous  sulphate 
of  copper  combines  with  1  atom  of  ammonia  to  NH3 
+  CuO  +  SO3.  By  solution  in  ammonia  an  atom  of 
the  latter  and  1  atom  of  water  combine  with  it,  and 
it  may  now  be  considered  as  a  compound  of  sulphate 
of  ammonia  and  ammoniated  oxide  of  copper, 
*=(NH40  +  S03)  +  (NH3  +  CuO).  Or,  as  when 
moderately  heated  only  neutral  sulphate  of  copper 
remains,  liie  salt  may  be  assumed  to  be  a  compound 
of  2  at.  of  ammonia,  1  at.  of  sulphate  of  copper,  and 
1  at.  of  water,  =:2NH3  +  (CuO  +  S03) +  H0.  To 
obtain  this  salt,  1  at.  of  sulphate  of  oxide  of  copper, 
or  1559  parts  of  crystallized  sulphate  of  copper  (CuO 
+  8O3  +  6H0)  and  2  at.  of  ammonia,  or  4260  parts  of 
liquor  ammonia  spec,  grav,  0*960,  containing  10  per 
ct.  of  anhydrous  ammonia,  are  reqtdsite.  It  cannot  be 
obtained  by  evaporating,  the  solution  being  decom- 
posed and  losing  1  at.  of  ammonia.  The  supernatant 
liquid  contains  but  a  small  portion  of  the  salt.  "When 
the  alcohol  is  quickly  mixed  with  the  solution  the  salt 
falls  as  a  crystalline  powder;  but  if  allowed  to  do  so 
slowly,  the  water  is  gradually  abstracted  and  the  salt 
forms  long  flat  prisms.  On  accoimt  of  its  readiness 
to  decompose  in  the  air  it  must  be  dried  as  quickly 
as  possible  without  the  application  of  heat,  and  kept 
in  a  well-dosed  bottle. 

After  saturating  the  ammoniaoal  solution  with 
sulphuric  acid,  the  alcohol  may  b^  re-obtained  by 
distillation. 

Properties » — ^The  ammoniacal  sulphate  of  ammonia 
forms  either  a  deep  blue  crystalline  powder,  or  simi- 
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larly  coloured  long  flat  prisms  and  needles,  having 
an  ammoniacal  odour,  and  a  nauseous  metallic  ta^te. 
It  must  entirely  dissolve  in  1^  parts  of  cold  water ; 
but  in  a  large  quantity  of  water  it  becomes  decom- 
posed, a  pale  blue  powder  precipitating  which 
contains  less  ammonia.  It  undergoes  the  same 
change  in  the  air,  but  if  exposed  to  it  for  a  great 
length  of  time,  gives  off  one  entire  atom  of  ammonia 
(and  1  at.  water),  leaving  the  previously  mentioned 
green  compound,  NH3  +  CuO  +  SO3,  which  carefully 
warmed  loses  the  second  atom  of  ammonia,  a  white 
residual  powder,  neutral  sulphate  of  copper,  re- 
maining. 


CUPRUM  SUB-OXIDATUM. 

Cupri  Suboxidum* — Sub-Oxide  of  Copper ^ 

Formula:  CujO. 

Preparation. — {a)  By  the  dry  way. — A  number  of 
moderately  thick  copper  plates  about  2  inches  square 
are  piled,  not  too  thickly,  on  each  other  in  an  earthen 
crucible,  heated  to  redness  and  withdrawn  about 
every  ten  minutes ;  the  crust  formed  on  them  is 
readily  removed  with  a  knife,  and  the  plates  again 
heated ;  this  may  be  repeated  until  they  are  as  thin  as 
paper,  when  there  is  danger  in  removing  the  oxide  of 
contaminating  it  with  pieces  of  metallic  copper.  The 
reddish  gray  scales  are  rubbed  to  a  fine  powder 
and  kept  in  a  closed  bottle. 

(6)  By  the  moist  way, — 1  Part  of  sulphate  of  copper 
and  1  part  of  sugar  of  milk  are  dissolved  in  10  parts 
of  water  in  a  porcelain  dish,  and  solution  of  caustic 
potash  added  until  the  greenish  precipitate  at  first 
formed  entirely  dissolves  (3  parts  of  solution  spec, 
grav.  1'333  will  suffice) ;  the  dish  is  placed  in  a  water 
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bath  and  heated  with  continuous  stirring.  The 
clear  deep  blue  liquid,  even  before  the  water  boils, 
acquires  a  greenish-gray  colour,  becomes  turbid  and 
of  a  brown  colour,  then  of  a  clearer  yellow,  and 
finally  almost  a  cinnabar  red ;  the  dish  is  now  at 
once  removed,  the  contents  poured  into  a  large 
quantity  of  cold  water,  the  precipitate  separated  from 
Uie  supernatant  yellow  liquid,  washed  and  dried. 
If  the  heating  is  continued  too  long  the  clear  red 
(amorphous)  precipitate  becomes  crystalline  and  of 
a  dark  cochineal  red.  The  dish  cannot  be  heated 
higher  than  this  without  injuring  the  preparation, 
which  becomes  further  oxidized  and  acquires  a 
blackish  appearance. 

From  7  parts  of  crystallized  sulphate  of  copper, 
2  parts  of  suboxide  are  obtained. 

RecapittUation,  —  (a)  Metallic  copper  heated  to 
redness  in  the  presence  of  air  combines  with  the 
oxygen,  forming  suboxide.  The  outer  portion  of 
the  latter  however  becomes  instantly  covered  with 
a  thin  layer  of  oxide,  which  protects  that  below 
from  further  action  of  the  oxygen.  That  portion  of 
the  copper  which  has  combined  with  oxygen  may 
be  readily  separated  from  the  unoxidized  part ;  it 
forms  crystalline  plates  or  leaves,  which  rubbed  up 
form  a  grayish  cochineal  red  powder.  When  the 
metal  is  repeatedly  heated,  a  considerable  quantity  of 
the  suboxide  of  copper  may  soon  be  formed,  certainly 
not  perfectly  free  from  oxide,  but  applicable  to  most 
technical  purposes,  as  colouring  glass  red,  &c.  The 
proportion  of  oxide  is  generally  about  ^. 

(S)  When  caustic  potash  is  added  to  a  solution  of 
sulphate  of  copper,  a  clear  green  precipitate  of  basic 
sulphate  of  copper  is  first  caused,  2  at.  of  potash 
abstracting  2  at.  of  acid  from  3  at.  of  sulphate  of 
copper,  forming  2  at.  neutral  sulphate  of  potash. 

2  at.  KO,  and  3  at.  CuO  +  SO3+  5H0,  form 
2  at.  KO  +  SO3,  1  at.  3CuO  +  SO3  +  3H0,  and 
12  at.  HO. 
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On  a  farther  addition  of  potash,  the  above  precipi- 
tate is  converted  into  clear  blue  hydrated  oxide  of 
copper,  which  is  not  dissolved  even  by  a  great  excess 
of  potash,  its  sulphuric  acid  passing  to  the  potash. 

1  at.  KO,  and  1  at.  3CuO  +  SO3  +  3H0,  form 
1  at.  KO  +  SO3,  and  3  at.  CuO  +H0. 

I^  however,  the  solution  contains  a  certain  portion 
of  sugar  of  milk,  instead  of  there  being  formed  a 
permanent  precipitate  of  oxide  of  copper,  the  latter 
is  instantly  and  entirely  dissolved  to  a  deep  blue 
liquid,  a  cuprate  of  potash  being  formed ;  3  at.  of 
oxide  of  copper  require  for  this  purpose  3  at.  of 
potash,  and  about  2^  at.  of  crystallized  sugar  of 
milk  (C12H10O10). 

3  At.  of  sulphate  of  copper  =4677  parts,  2^  at. 
of  sugar  of  milk  »4556  parts,  and  6  at.  anhydrous 
potash  »3S40  parts,  or  13615  parts  of  solution  of 
caustic  potash,  of  spec.  grav.  1*333  (containing 
about  26  per  ct.  of  anhydrous  potash).  The  potash 
must  always  be  slightly  in  excess,  consequently  the 
proportions  of  sulphate  of  copper,  milk  sugar,  and 
potash,  given  in  the  process,  are  the  correct  ones. 

The  combination  of  oxide  of  copper  and  potash 
becomes  decomposed  in  the  warm,  owing  to  the 
action  of  the  milk  sugar,  the  oxide  of  copper  yields 
half  its  oxygen  to  the  elements  of  the  milk  sugar, 
and  being  reduced  to  a  suboxide  forms  a  yellow 
hydrated  precipitate,  which  however  quickly  loses 
its  water  of  hydration  and  assumes  a  red  colour. 
The  reaction  occurs  perfectly  quietly,  without  effer- 
vescence. The  object  of  rapidly  cooling  the  pre- 
cipitate is  to  preserve  its  fine  red  colour.  The 
supernatant  liquor,  which  immediately  after  the 
precipitation  is  colourless,  quickly  becomes  yellow ; 
it  does  not,  however,  contain  a  particle  of  copper 
dissolved.  The  most  important  product  of  oxida- 
tion of  the  milk  sugar  is  formic  acid,  which  is 
formed  in  a  similar  manner  as  in  the  action  of 
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peroxide  of  manganese  on  sugar  ;  {vide  Aciduv 
Formicum). 

Properties. — Suboxide  of  copper  is  an  odourless 
and  tasteless  powder  ;  in  its  amorphous  state  it  is  a 
clear  copper  colour,  or  approaching  that  of  red 
lead ;  crystallized,  a  dark  cocliineal  red.  Treated 
with  hydrochloric  acid  it  acquires  a  white  colour, 
and  readily  dissolves,  on  warming,  to  a  pale  green 
liquid ;  the  white  colour  arises  from  the  formation 
of  subchloride  of  copper. 

1  at.  CujO,  and  1  at.  HCl,  form 
1  at.  CujCl,  and  1  at.  HO, 

which  should  in  reality  be  colourless;  but  the 
affinity  of  the  substance  for  chlorine  is  so  great  as 
to  cause  it  to  decompose  a  portion  of  the  hydro- 
chloric acid  in  excess,  and  combine  with  the 
chlorine,  which  gives  the  solution  a  green  appear- 
ance. If  the  preparation  has  a  dirty  gray  or  black- 
ish colour,  it  contains  oxide. 


DIGITALINUM. 

Digitaline» 

Formula:  ? 


Preparation, — ^A  quantity  of  the  coarsely-powdered 
leaves  of  the  digitalis  purpurea  are  digested  with 
eight  times  their  weight  of  alcohol,  of  80  per  ct.,  at 
the  ordinary  temperature,  for  some  days,  the  residue 
pressed  and  washed  with  a  little  alcohol,  filtered, 
and  most  of  the  spirit  distilled  from  it,  the  contents 
of  the  retort  evaporated  to  the  consistence  of  an 
ordinary  extract,  and  treated  with  a  mixture  of  1 
part  of  concentrated  acetic  acid  and  30  parts  of 
water,  in  a  water  bath.  The  acetic  acid  solution  is 
agitated  with  animal  charcoal  that  has  been  purified 
by  digestion  with  hydrochloric  acid ;  then  filtered, 
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-with  mnmoffiia,  and  precipitated  with  aa 
ffBeofOS  Bolutkm  of  taimiii,  Hbe  predpitate  oolleoted 
«»•  flUWt  ezhavated  witih  water,  rubbed  with  about 
I  In  weig^  of  finely-powdered  oxide  of  lead,  and 
cried  in  a  water  bath.  The  dried  nuuM  is  finely 
nowdend*  exhanated  widi  alcohol  90  per  ct.,  and 
wfeerad ;  the  filtrate  treated  with  animal  charcoalt 
■ad  alowly  eraporated  in  a  water  bath. 

When  all  the  alcohol  ia  remored,  and  the  residne 
beoomea  neaxly  dry,  it  ia  rinsed  a  few  times  with 
pore  water,  thoroa|^y  dried,  shaken  with  ether, 
the  ether  poured  o^  iad  the  residue  dissolved  in 
wann  alcohol,  of  90  per  ct.,  then  slowly  evaporated. 
The  yield  ia  about  i^  or  ^  the  weight  of  the  dried 
leaveauaed. 

JZaoop&ifferftofi.— To  obtain  a  good  yield  and  pure 
digitaline^  it  is  necessary  to  employ  as  small  an 
amount  of  heat  as  possible.  Alcohol  readily  die- 
Bolvea  digitaline  at  the  ordinary  temperature,  but 
at  the  same  time  takes  up  extractive  matter,  ftc, 
iriiieh  givea  the  tincture  a  dark  colour.  Acetic 
acid  dissolves  from  the  alcoholic  extract  all  the 
digitaline,  and  but  a  part  of  the  colouring  matter, 
which  last  is  almost  entirely  removed  by  animal 
charcoal.  After  the  acetic  acid  has  been  neutral- 
ized by  ammonia,  tannin  precipitates  the  digitaline, 
and  in  order  to  free  it  from  the  precipitant,  the 
latter  is  combined  with  oxide  of  lead,  with  which  it 
forms  an  insoluble  compound.  Prom  the  residual 
extract  of  the  alcoholic  solution,  water  takes  up 
only  a  trace  of  extractive  matter ;  ether,  some 
other  impurities,  with  only  a  trace  of  digitaline. 
After  dissolving  in  alcohol,  and  allowing  this  to 
evaporate  very  slowly,  the  digitaline  is  obtained 
quite  pure. 

Properties. — Pure  digitaline  forms  white,  odour- 
less, warty  masses,  of  a  persistent  bitter  taste, 
which  is  but  slowly  perceptible  from  its  insolubility. 
Its  dust  excites  violent  sneezing.      When  heated 
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gradually,  it  first  melts,  evolves  acid  vapours, 
ignites,  and  finally  is  consumed  without  residue. 
It  is  soluble  in  2000  parts  of  cold  and  1000  of  hot 
water ;  in  288i  parts  of  ether,  spec.  grav.  0*750,  and 
1250  parts  of  ether,  0*726 ;  it  is  readily  soluble  in 
alcohol,  the  more  so  the  stronger  and  warmer  the 
latter  is.  All  these  solutions  have  a  neutral  re- 
action. Acetic  acid  readily  dissolves  the  digitaline, 
which,  however,  combines  neither  with  this  nor 
any  other  acid,  but  behaves  as  a  nitrogenous  chemi- 
caUy  indifferent  substance.  Mineral  acids  have  a 
destructive  action  on  it,  more  or  less ;  concentrated 
hydrochloric  acid  rapidly  dissolves  it  to  a  yellow 
liquid,  which  becomes  emerald  green,  and  gradually 
of  a  deep  green,  whilst,  finally,  green  flakes  are 
deposited ;  concentrated  sulphuric  acid  gives  a 
blackish-brown  solution,  which  after  several  days 
becomes  brownish  red,  amethyst  gray,  finally  cochi- 
neal red,  and  on  diluting  with  water  acquires  a 
green  appearance.  Ammonia  does  not  appear  to 
affect  it;  but  with  potash  it  gradually  loses  its 
bitter  taste. 


ERGOTINUM  OFFICINALE. 

Officinal  Ergotine, 

PreparcUion, — Coarsely-powdered  ergot  of  rye  is 
digested,  at  the  ordinary  temperature,  with  eight 
times  its  weight  of  cold  water,  for  some  days, 
filtered,  pressed,  and  the  residue  w£ished  once  or 
twice  with  water,  the  clear  liqidd  heated  to  boUing, 
filtered  when  cold,  and  evaporated  in  a  water  bath 
to  a  syrupy  consistence.  The  syrup  is  agitated 
with  eight  times  its  weight  of  alcohol,  of  80  per  ct., 
filtered,  the  alcohol  distilled  off  at  a  very  low  tem- 
perature, and  the  contents  of  the  retort  slowly 
evaporated,  in  a  water  bath,  to  the  consistence  of  an 
ordinary  extract. 
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ReeapUulation, — ^By  treating  the  ordinary  extract 
with  alcohol,  all  the  gummy  matters  contained  in  it, 
and  which  haye  no  effect,  are  removed. 

Properties, — The  ergotine,  as  above  prepared,  is  a 
dear  dark  brown  extract,  of  an  agreeable  odour, 
resembling  roasted  meat,  and  of  a  pungent  bitter 
taste,  like  decomposing  com.  In  water  and  alcohol 
it  forms  a  reddish-brown  solution.* 


FERRUM  BROMATUM. 

Ferri  Bromidum. — Bromide  of  Iron, 

ForbtuiiA:  FeBr  +  2HO. 

Preparation, — 2  Parts  of  bromine  and  2  of  water 
are  placed  in  a  flask,  1  part  of  iron  filings  added 
gradually,  and  thoroughly  agitated.  When  no 
more  action  occurs,  and  the  brown  colour  of  the 
fluid  is  exchanged  for  green,  the  liquid  is  filtered 
from  the  excess  of  iron  and  carbon  which  has 
separated,  and  evaporated  in  a  clean  iron  dish,  or 
the  sand  bath,  to  dryness,  constantly  stirring,  and 
the  salt  quickly  transferred  to  a  well-closed  bottle. 
Its  weight  is  from  3  to  3^  parts. 

Recapitulation. — Bromine  combines  directly  with 
iron ;  the  water  which  floats  on  the  bromine  pre- 
vents a  large  quantity  of  the  latter  from  escaping 
during  the  evolution  of  heat ;  to  prevent  the  action 
from  being  too  violent,  the  iron  is  added  gradually. 

1  at.  Br,  and  1  at.  Fe,  form 
1  at.  FeBr. 


♦  Prom  a  number  of  well-directed  experiments,  M.  Bonjcan, 
pharmacien,  of  Geneva,  has  come  to  the  couciu.sion  that  the 
active  principles  of  ergot  are  of  two  ditferent  characters;  the 
one,  soluble  in  ether,  being  intensely  poisonous,  whilst  the  one 
exerting  an  action  on  the  uterus  is  insoluble  in  ether,  but  dis- 
solves in  cold  water.  That  prepared  as  directed  in  this  work,  he 
BtateH  to  be  without  any  action.  We  strongly  recommend  a 
perusal  of  M.  lionjcau's  iutoresting  pamphlet.— Ed. 
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1000  Parts  of  bromine  consequently  require  only 
350  of  iron,  but  an  excess  of  the  latter  is  of  no 
consequence.  The  solution  absorbs  oxygen  from. 
the  air  with  great  avidity,  formrng  oxide  of  iron 
with  a  portion  of  the  iron;  the  bromine  thus 
liberated  unites  with  another  portion  of  the  proto- 
bromide  of  iron,  and  forms  perbromide. 

The  most  rapid  evaporation  in  an  iron  dish  will 
not  entirely  prevent  this,  but  limits  it  to  a  small 
portion.  When  the  mass  begins  to  thicken  it  must 
frequently  be  removed  from  Sie  fire,  to  try  whether 
it  hardens  on  cooling,  and  as  soon  as  this  happens 
it  is  to  be  transferred  to  a  well-closed  bottle. 

Properties. — Evaporated  to  dryness  (it  still  con- 
tains 2  at.  of  water)  bromide  of  iron  forms  a  gray- 
ish-white or  greenish-yellow  crystalline  powder,  is 
odourless,  and  tastes  at  first  pungently  saHne,  after- 
wards sweetly  astringent ;  in  the  air  it  deliquesces 
and  oxidizes  {vide  supra).  In  water  and  alcohol  it 
is  readily  soluble,  the  oxidized  portions  being  left 
behind ;  the  solutions  have  an  acid  reaction.  In  its 
chemical  and  physical  properties  it  assimilates  to 
the  chloride  of  iron,  but  differs  from  it  in  this 
respect,  that  when  the  iron  has  been  precipitated  by 
caustic  potash,  the  supernatant  liquid  (bromide  of 
potassium)  acquires,  on  the  addition  of  chlorine 
water,  a  reddish  colour,  whilst  that  from  proto- 
chloride  of  iron,  similarly  treated,  would  become 
at  most  only  a  light  greenish  yellow.  Chlorine 
separating  the  bromine  from  the  bromide  of  iron, 
replaces  it,  and  the  free  bromine  remains  dissolved 
as  such.  By  this  method,  an  adulteration  with 
chloride  of  iron  is  not  to  be  detected  ;  for  this 
I  must  refer  to  the  article    HYDEAEOTauM  Beo- 

MATUM. 
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FERRUM  CHLORATUM. 

Ferri  Chloridum, — Protochloride  of  Iron, 
PoKMtJLA  OP  THE  Dbied  :  FeCl  +  2HO. 

FOBMULA  OF  THE  CRYSTALLIZED  :    FeCl  +  4HO. 

PrqfforcUion, — 4  Parts  of  hydrochloric  acid,  spec. 
gray.  1*130,  are  mixed,  in  a  roomy  glass  flask,  with 
1  part  of  iron  (in  filings  or  turnings) ;  when  the 
first  yiolence  of  the  action  is  over,  the  flask  is  di- 
gested in  the  sand  bath  as  long  as  evolution  of  gas 
occurs,  and  the  liquid  flltered.  The  clear  deep  green 
solution,  after  the  addition  of  ^  part  of  hydrochloric 
acid,  is  evaporated,  at  first  over  a  naked  fire  in  a 
retort,  and,  when  reduced  to  about  i,  in  a  porcelain 
dish  on  a  sand  bath,  at  a  gentle  heat  and  with 
constant  stirring,  to  dryness ;  the  crystalline  pow- 
der, whilst  still  warm,  is  placed  in  a  well-closed 
bottle.  It  will  weigh  about  2f  parts.  K  required 
in  crystals,  the  evaporation  must  not  be  long  con- 
tinued, the  liquid  then  transferred  to  a  cylinder 
covered  with  bladder,  and  placed  in  the  cool.  The 
green  crystals  which  separate  are  quickly  dried  be- 
tween filtering  paper,  and  kept  carefully  excluded 
from  air  and  moisture. 

Recapitulation. — Metallic  iron  is  rapidly  acted  on 
and  dissolved  by  hydrated  hydrocUoric  acid ;  in 
order  that  the  evolution  of  gas  be  not  too  rapid,  the 
iron  is  added  to  the  acid  gradually,  or  vice  versd. 
The  chlorine  of  the  acid  combines  with  iron,  and 
forms  protochloride,  the  hydrogen  of  the  acid  is 
evolved.  The  gas  thus  set  free  possesses  a  disagree- 
able smell,  from  the  presence  of  light  carburetted 
hydrogen  s=CH2,  which  is  formed  at  the  expense  of 
the  carbon,  from  which  even  the  best  iron  is  not 
entirely  free.  The  carbon  is  present  in  the  iron 
partly  in  combination,  partly  as  a  mixture ;  it  is  the 


\ 


264  FER&UM  CHLORATTTM. 

former  portion  only  which  forms  carburetted  hydro- 
gen ;  the  carbonaceous  matter  mixed  with  it  precipi- 
tates as  black  flakes,  and  must  be  separated  by 
filtration.  Iron  also  frequently  contains  traces  of 
phosphorus  and  sulphur,  in  which  case  phosphu- 
retted  and  sulphuretted  hydrogen  are  formed. 

1  at.  Fe,  and  1  at.  HCl,  form 
1  at.  Fe  CI,  and  1  at.  H. 

350  Parts  of  iron  require  455  parts  of  anhydrous 
hydrochloric  acid,  or  1750  parts  of  spec.  grav. 
I'iSO  (  =  26  per  ct.  acid),  and  consequently  in  the 
proportions  we  have  adopted  the  acid  is  not  suffi- 
cient to  dissolve  all  the  iron,  which  possesses  this 
double  advantage  that  only  protochloride  is  formed, 
and  any  other  metals  which  the  iron  filings  are 
likely  to  contain,  as  copper,  for  instance,  remain 
behind.  The  neutral  solution,  even  in  the  presence 
of  iron,  rapidly  absorbs  oxygen  from  the  air,  and 
acquires  a  yellow  pellicle,  consisting  of  "Fe^Cl^  + 
8(Fe203HO),  at  the  same  time  a  portion  of  the 
chlorine  remaining  in  the  solution ;  tlius  from 

36  at.  FeCl,  18  at.  O,  and  9  at.  HO,  are  formed, 
11  at.  FejjCls,  and  1  at.  FegQa  +  3  (FcjOa  HO.) 

In  order  to  avoid  this  decomposition,  it  is  neces- 
sary to  add  more  hydrochloric  acid,  and  commence 
the  evaporation  in  a  retort.  At  first  the  evapora- 
tion must  be  carried  on  rapidly,  and  only  towards 
the  end  of  the  process,  when  the  mass  acquires 
a  syrupy  or  pasty  consistence,  should  the  heat  be 
reduced  to  a  gentle  one,  otherwise  from  the  com- 
bined action  of  air  and  heat  (the  former  of  which 
possesses  less  power  at  first,  on  account  of  the 
evolution  of  vapour)  the  salt  becomes  yellow. 

The  solution  intended  for  crystallization  must  not, 
for  the  same  reason,  be  exposed  to  the  open  air. 

Properties,  —  Crystallized  protochloride  of  iron 
forms  clear  green  transparent  rhombic  pyramidal 
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crystals,  which  eyaporated  to  dryness  form  a  white 
powder,  with  a  shade  of  greenish  yellow ;  it  is  odour- 
less, has  at  first  a  pungent  saline,  and  then  a  sweetish 
astringent  taste.  In  water  and  alcohol  it  readily 
dissolves ;  the  solutions  have  an  acid  reaction.  In 
the  air  it  effloresces,  and,  absorbing  oxygen,  a 
brovniish-yellow  powder  is  formed,  as  previously 
related ;  in  the  fluid  portion  is  now  contained  per- 
chloride  of  iron,  and  sulphocyanide  of  potassium 
causes  a  red  colour  in  it : 

1  at.  Fe.^Cl,,  and  3  at.  KCyS.,,  form 
1  at.  2Fe+'3CyS2,  a^itl  3  at.  KCl. 

If  the  salt  is  kept  in  vessels  not  thoroughly  air- 
tight, it  gradually  oxidizes  without  exactly  efflo- 
rescing, and  acquiring  a  yellow  colour  is  no  longer 
perfectly  soluble.  The  decomposition  proceeds, 
however,  very  slowly,  and  even  in  the  salt  which 
has  efiloresced  there  remains,  for  some  months, 
a  considerable  portion  of  protochloride  of  iron. 
Heated  to  redness,  it  almost  entirely  volatilizes, 
forming  a  white  sublimate,  if  the  air  be  excluded, 
but  otherwise  is  partially  converted  into  perchloride 
and  iron,  which  latter  remains  behind  as  peroxide. 

Any  contamination  with  copper  causes  the  solution 
when  heated  with  solution  of  ammonia  to  assume  a 
deep  blue  colour,;  which  remains  in  the  liquid, 
whilst  the  protoxide  of  iron  precipitates. 


FERRUM    SESQUICHLORATUM. 
Ferri  Pei'chloridum. —  Perc/tioritle  of  Iron. 

Formula  :   FeXly  -f  6110. 

Preparation. — 1  Part  of  metallic  iron  is  treated  as 
in  the  foregoing  preparation,  with  4  parts  hydro- 
chloric acid,  spec.  grav.  1"130;  the  solution  filtered, 
2  parts  more  of  hydrocliloric  acid  and   1  of  nitric 

♦  A   A. 
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spec.  gray.  1*20  added,  and  the  whole  heated  in  a 
flask  until  the  brownish-yellow  vapours  cease  to  be 
evolved ;  a  part  of  the  solution  is  then  poured  into 
a  dish  and  evaporated,  with  constant  stirring,  to  a 
syrup,  or  until  a  small  portion  dropped  on  a  piece 
of  porcelain  solidifies  on  cooling  (this  it  will  do 
when  the  solution  is  reduced  to  four  times  the 
weight  of  the  iron  dissolved  in  it)  ;  the  dish  is  now 
put  on  a  glass  plate,  and  covered  with  a  bell  glass. 
To  prevent  its  attracting  moisture  from  the  air,  the 
edge  of  the  bell  glass  is  greased.  The  fluid  com- 
mences to  crj'stallize  in  a  day  or  two,  and  when 
converted  into  a  solid  mass,  the  dish  is  warmed  for 
a  moment,  the  mass,  which  is  readily  separated, 
must  be  broken  up,  put  in  a  bottle,  and  kept  in  a 
dark  place. 

The  salt  is  more  rapidly  dried  by  continuing  to 
stir  the  fluid,  after  removing  from  the  fire,  until 
entirely  cold.  1  Part  of  iron  yields  nearly  4  of 
crystallized  chloride. 

Becapitulation, — Iron  dissolved  in  hydrochloric 
acid  forms,  as  has  been  shown  in  the  preceding 
article,  protochloride  of  iron.  In  order  to  convert 
this  into  perchloride,  half  as  much  more  chlorine  is 
necessary,  consequently  the  addition  of  2  parts  of 
hydrochloric  acid  to  the  4  parts  already  contained. 
The  action  of  some  other  body  is  required  to  place 
this  in  a  condition  to  give  up  its  chlorine ;  nitric 
acid  answers  this  purpose,  and  the  change  of  ele- 
ments is  as  follows  : — 

6  at.  Fe,  and  6  at.  CIH,  form 

6  at.  FeCl  and  6  at.  H. 
Further, 
6  at.  FeCl,  3  at.  CIH,  and  1  at.  NO5,  form 
3  at.  Fe.^Cl3,  1  at.  NOg,  and  3  at.  HO  ;  the  NO., 

forming  in  the  air  NO4. 

2100  Parts  of  iron  require  2730  +  1365  =  4095  parts 
of  anhydrous  hydrochloric  acid,  or  10500  +  5250  — 
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16750  parts  of  spec.  ^rav.  1.130;  and  67o  parts  of 
anhydrous  nitric  acid,  or  2500  parts  of  spec.  gray. 
1*20.    As  in  making  the  protochloridc  of  iron,  oiily 

4  parts  of  acid  are  ordered  for  1  part  of  iron,  the 
excess  of  the  latter  remaining  in  the  filter.  That 
converted  by  the  additional  hydrochloric  and  nitric 
acids  into  sesquichloride  can  only  be  evaporated  over 
the  fire  to  the  point  at  which  it  cr^'sttdlizcs,  and  not, 
as  18  frequently  done,  to  dryness,  otherwise  it  par- 
tially decomposes,  forming  a  reddish-brown  mass, 
which  on  treating  with  water  leaves  a  residue  of 
oxide  of  iron.  I  found  the  chloride  of  iron,  con- 
taining 6  at.  of  water,*  lost  by  tliis  latter  treatment 
about  half  its  weight ;  the  residue  consisting  of  1  at. 
perchloride  of  iron,  2  at.  peroxide  of  iron,  and  1  at.  of 
water ;  consequenUy,  6  at.  of  water  are  decomposed, 
6  at.  of  hydrochloric  acid  and  1 1  at.  of  water  being 
given  off;  for, 

5  at.  FcgCla  +  6110,  form 

1  at.  Fe^Cla  +  2  at.  Fe^Oa  +  1  at.  HO,  as  residue,  and 

6  at.  HCl,  and  11  HO,  as  loss. 

The  loss  of  weight  also  agrees  with  the  atomic 
weight,  as  3  at.  of  crystallized  perchloride  of  iron 
=  8112  ;  1  at.  anhydrous  perchloride  of  iron  +  2  at. 
peroxide  of  iron +1  at.  water  =1142,  whilst  0  at. 
hydrochloric  acid  and  11  at.  water  =  3!)6G.  More- 
over, the  residue  contains  a  trace  of  i)rotocliloride 
of  iron,  arising  from  the  decomposition  of  a  very 
small  quantity  of  i)crchloride  into  iirotochloride  and 
free  chlorine. 

Properties. — Tlie  perchloride  of  iron  is  seldom 
obtained  in  well-deliiied  crystals,  but  usually  in 
corrugated    masses,  or  a  crystalline  powder  of  a 

♦  The  water  of  crystallization  of  chloriiKj  of  iron  is  Ktatod  in 
vnrious  i)roiK)riion«,  viz.,  4, 5,  and  even  as  liiuli  as  12  at.  water. 
Ile^Hiatea  analysiw  of  the  salt  obtained  in  tlie  i)roc(jss  just  do- 
scnbod  alw>Ly»  yielded  me  such  a  proi)ortif)u  of  oxide  of  iron  as 

corresponded  to  the  formula  FeoCl,  +  6110 ;  i.c.  iU  parts  of  salt 

precipitated  by  ammonia  gave  17'83  oxide. 
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brownish-yellow  colour,  which,  under  a  powerful 
magnifier,    appears    as   an   aggregation  of   yellow 
transparent  rhombic  tabular    crystals.      It   has   a 
slight  smell  of  chlorine,  powerful  acid  reaction,  and 
a  pungent  saline,  astringent,  disagreeable  taste.    In 
water,  alcohol,  and  ether,  it  is  readily  soluble.    In 
the  air  it  rapidly  deliquesces,  forming  a  brownish- 
yellow  liquid;*  exposed  to  the  light  the  salt  becomes 
of  a  lighter  colour,  giving  off  a  third  of  its  chlorine 
and  becoming  protochloride ;  for  these  reasons  the 
action  of  air   and  light  must  be  avoided.    At  a 
gentle  heat  it  fuses  in  its  water  of  crystallization, 
but  by  further  action  of  the  heat  it  becomes  decom- 
posed as  just  described ;  on  continuing  to  heat  the 
dry  mass  to  redness,  the  remainder  of  the  water  is 
given  off,  together  with  free  chlorine  and  protochloride 
of  iron,  from  decomposition  of  a  portion  of  the  per- 
chloride  of  iron  ;  another  portion  of  the  latter  com- 
bined with  oxide  sublimes  as  a  basic  chloride,  the 
residue,  consisting  of  an  iron-gray  mass,  when  finely 
rubbed  up  forms  a  dark  crimson  powder,  consisting 
of  pure  oxide.     Any  contamination  of  this  prepar- 
ation with  protochloride  is  known  by  the  blue  pre- 
cipitate the  latter  forms  with  ferrocyanide  of  potas- 
sium ;  {vide  Ammon.  Chlo&at.  Fbaratum). 


FERRUM  lODATUM. 
Ferri  lodidum, — Iodide  of  Iron* 

Formula:  FeI  +  4HO. 

Preparation, — In  a  flask  capable  of  containing  16 
parts  of  water,  are  placed  8  parts  of  water  and  1  part 
of  iron  filings,  to  which  are  gradually  added  4  parts 
of  iodine,  with  the  precaution  that  one  portion  has 
entirely  entered  into  combination  before  another  is 

*  On  this  account  it  is  convenient  to  keep  the  preparation  dia- 
solved  in  its  weight  of  water  ready  for  use. 


added.  The  solution  is  frequently  agitated  until 
the  coloui'i  at  Grst  a.  dark  broH-n,  is  ccmvect(!il  ialo  a 
deep  green  ;  it  is  then  tUtercd,  the  eleor  liquid  poured 
into  B  clean  iron  dish,  and  eTBparated  until  a  portion 
dropped  on  a  piece  of  cold  porccMn,  soliditieB;  the 
whole  is  now  poured  on  to  a  clean  aheec  of  iron,  and 
BO  soon  as  it  has  hajd<>ned,  the  gr[iyish-gr(?en  erys- 
talline  compound  is  placed,  still  hot,  in  well-stopped 
botllBB.     liic  produce  will  be  6  porCd. 

Jt»opi(«6i(iDH.— The  forraation  of  the  iodide  of 
iron  has  been  explained  under  tlio  artiele  Auuomuii 
lon&rcu.  The  evaporation  of  the  Bolution  is  con- 
ducted in  ui  iron  dish  to  prevent  as  much  as 
piMsible  the  formation  of  peroxide  and  pcr-iodida  of 
iron,  which  under  these  circumstances  ia  but  alight. 
ITle  oxygen  of  the  air  will  of  course  act  on  the  sur- 
face of  the  liquid,  oxidizing  a  portion  of  the  iron, 
the  iodine  thus  separated  uniting  with  another 
portion  of  the  iodide  to  funn  pet-iodide. 
6  at.  Fcl,  and  3  at.  O,  form 
1  at.  Pe-jO,,  and  3  at.  Fe.,  I3. 
From  this  cause  the  solution  during  the  cvaporiition 
soqnires  a  trace  of  brown  colour.  The  eTaporation 
must  not  be  pushed  fiirther  than  the  point  previouaiy 
indicated,  otherwise  free  iodine  will  be  given  oa. 
It  is  therefore  an  error  to  evaporate  it  quite  to 
dryness,  as  is  frequently  done,  t^e  grayish-brown 
hydroscopic  residue  consisting  in  this  case  of  prolo- 
iodide,  per-iodide,  and  peroxide  of  iron ;  with  water 
it  forma  a  brownish-yellow  solution,  and  an  insolU' 
ble  residue  consisting  of  peroxide  and  per-iodide  of 
tion.  In  order  more  clearly  to  explain  this  decom- 
position, take  1  at.  proto-iodide  of  iron,  1  at,  of 
«Met,  and  2  at.  oxyyen : 

4  at.  Fel,  1  at.  HO.  and  2  at.  O,  form 

I  at-PcjIj,  1  at.  Fe^Oj,  and  I  at.  HI. 

The  hydriodic  acid. thus  formed  ia  .converted  during 
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eyaporation  into  iodine  and  hydrogen.  At  the  same 
time,  from  the  action  of  water  on  a  part  of  the  per- 
iodide  of  iron,  the  latter  is  converted  into  peroxide  of 
iron  and  free  hydriodic  acid  (another  source  of  free 
iodine). 

1  at.  Fejis,  and  3  at.  HO,  form 

1  at.  FejOs,  and  3  at.  HI. 

The  process  of  forming  the  iodide  by  rubbing  to- 
gether 1  part  of  iron  and  4  of  iodine,  either  dry  or 
sprinkled  with  a  few  drops  of  water,  is  by  no  means 
to  be  recommended,  as  the  mass  thus  obtained  dis- 
Bolyes  in  water  witli  a  brown-yellow  colour,  leaving 
a  residue  of  metallic  iron  and  peroxide  containing 
per-iodide. 

Properties, — Proto-iodide  of  iron  prepared  as  we 
have  directed  is  a  dry  greenish-gray  crystalline  mass, 
odourless,  of  a  sweetish  astringent  taste  somewhat 
resembling  iodine.  Water  and  alcohol  dissolve  it, 
when  freshly  prepared,  to  a  greenish  solution  having 
an  acid  reaction.  In  the  air  it  deliquesces  somewhat 
rapidly,  forming  per>iodide  and  peroxide  of  iron. 
Even  in  closed  vessels  it  becomes  decomposed,  owing 
to  the  water  it  contains  ;  at  first  it  acquires  a  gray- 
ish-brown almost  metallic  lustrous  appearance,  and 
gives  off  the  smell  of  iodine ;  it  afterwards  becomes 
moist,  the  per-iodide  dissolving  in  the  water  that 
separates  from  the  proto-iodide,  and  remaining  un* 
decomposed.  As  soon  as  the  preparation  has  begun 
to  decompose  it  forms  with  water  a  solution  more  or 
less  yellow  or  brown ;  from  this  is  deposited  peroxide 
of  iron  containing  per-iodide,  which  after  the  most 
careful  washing  is  never  freed  from  all  traces  of 
iodine.  Gently  warmed  it  melts,  and  by  a  further 
action  of  heat,  water  and  air,  continually  evolves 
iodine  vapours,  and  leaves  as  a  residue  the  grayish- 
brown  hydroscopic  mass  consisting  of  proto-iodide, 
per-iodide  and  peroxide.  If  the  dried  mass  is  heated 
to  redness,  all  the  iodine  is  given  o£^  and  the  iron 
remains  as  oxide. 


K  mDAivM  aYmunovM. 
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-firri  OaUt  HgJm^-Ftmim  OEHfaAox  Futnmtj— 
Cnmi  Uartit  ^frUirta.—BydraUd  Pvosida  of 

(a)  Fe,0,+B:0    with    lODT  per  ct  water. 

m  2Fe,,03  +  llHO    „      

(c)   SFe,0,  +  fiHO    „ 
m  2Fe.,0,  +  fiH0    „ 

h)  3Fe,03  +  8HO    „ 

'  Fr^HuaHon. — Oxide  of  ixtfa  forme  with  wkter 
■Bf«Nl  Iiydratca  |  the  methode  by  which  they  an 
flbtttned  are  given  In  the  Buse  order  as  the  AirmiiliL, 


dean  tron.  yeiiel,  the  eolntioii  heeted  to  boiliii^ 
md,  with  constant  (tirring,  flnely  powdraed  cryi- 
talliied  carbonate  of  Boda  is  added  as  long  as  it 
estuee  any  effervescence  and  a  filtered  portion  is  not 
rendered  turbid  by  soda  Bolution ;  11  parts  of  the 
carbonate  will  be  requisite.  1  Part  of  powdered 
chlorate  of  potaeb  a  now  at  once  added,  and  the 
irhcde  allowed  to  boil  ibr  half  an  hour,  then  poured 
into  a  capacioos  dish,  diluted  with  a  lai^e  quantity 
of  water,  the  brown  precipitate  allowed  to  subside, 
the  supernatant  liquor  decsiited,  the  precipitate 
thrown  on  a  linen  strainer  and  dried  with  a  gentle 
heat.    The  product  is  about  4  parts. 

Caibonate  of  potash  may  be  substituted  for  car- 
bonate of  soda,  but  this  is  not  advisable ;  in  the  first 
place  it  is  more  expensive,  and  secondly,  it  generally 
— --'-IS  silica  which  contaminates  the  precipitate. 
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(6)  The  Sesquihydrate, — Sulphate  of  iron  is  pre- 
cipitated as  in  (a)  with  carbonate  of  soda,  the  grayish- 
white  precipitate  exhausted  with  water  and  dried  in 
the  air  with  a  gentle  heat.  13  Parts  of  sulphate  of 
iron  yield  somewhat  more  than  4  parts. 

(c)  With  one  atom  and  two-thirds  of  toater  of  hydra- 
tion.— ^The  precipitate  (6)  sometimes  contains  rather 
more  than  an  additional  per  ct.  of  water,  and  then 
forms  this  hydrate.  This  difference  is  probably  due 
to  the  time  occupied  in  drying,  or  what  amounts  to 
the  same  thing,  in  oxidizing  it. 

(d)  With  two-and-a-half  atoms  of  water, — ^The 
grayish-white  precipitate  obtained  under  (b),  after 
washing,  is  thrown  on  a  linen  cloth  and  strongly 
pressed ;  some  bladders  are  then  about  half  hUed 
with  it,  their  upper  ends  moistened  with  water, 
bound  tightly  with  thread,  and  suspended  in  a  tole- 
rably warm  place.  As  soon  as  the  bladder  feels 
dry  externally,  it  is  opened,  the  contents  spread  in 
a  fiat  dish,  and  as  soon  as  cold  powdered  and  ex- 
posed in  a  moderately  warm  place  for  14  days,  or  if 
only  in  the  air,  for  from  4  to  6  weeks,  until  on 
treatment  with  hydrochloric  acid  it  gives  no  effer- 
vescence. 13  Farts  of  sulphate  of  iron  yield  nearly 
6  parts. 

(e)  With  two-and'two-thirds  atoms  of  water. — ^The 
precipitate  (rf),  similarly  to  (6),  contains  very  fre- 
quently an  additional  per  ct.  of  water.  The  reason 
is  probably  the  same. 

(/)  With  three  atoms  of  waier. — 1 6  Parts  of  proto- 
sulphate  of  iron  are  agitated  in  a  flask,  capable  of 
holding  at  least  four  times  as  much  as  the  materials 
used,  with  16  parts  water,  3  of  concentrated  sul- 
phuric acid,  and  4  of  nitric  acid,  spec.  grav.  1*20, 
as  long  as  brownish-yellow  vapours  are  given  off ; 
a  drop  is  taken  out  at  the  end  of  a  glass  rod,  and 
mixed  with  a  drop  of  solution  of  ferridcyanide  of 
potassium ;  if  this  causes  only  a  brown  colouration,, 
the  oxidation  of  the  iron  is  perfect,  but  if  there  be 
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A  tEiM  of  blue,  more  nitric  add  is  necessary.  If 
nofc  licetsd  too  strongly  at  first,  4  parts  of  nitric 
meid  are  sufficient  entirely  to  oxidise  16  parts  of 
motoenlphate  of  iron«  The  brown  solution  is  di^ 
msd  with  a  considerable  quantity  of  water,  precipi- 
tated with  (4bout  32  parts  of)  liquor  ammoxda, 
«pee.  giBT.  0*960,  the  precipitate  washed  by  decan- 
tMknt  and  lastly  collected  in  a  linen  strainer, 
jwsscd  and  dried  by  a  gentle  heat.  The  yield  is 
■boot  6  parts. 

If  the  oidde  of  iron  is  intended  as  an  antidote  to 
aneniCy  it  is  suspended  in  so  much  wat»  that  its 
mrfaitt  is  nine  times  that  of  the  protosulphate  used. 

Whi&  the  fixed  alkalies  or  their  carbonates  are 
employed  as  precipitates,  the  precipitate  alwaya 
ewitains  traoes  of  them  which  cannot  be  remored 
by  washing.  For  employment  in  the  arts  this  is  of 
no  ejnisequence. 

JRiBeapiiSdaihn, — (a)  Protosulphate  of  iron  and 
carbonate  of  soda  exchange  acids,  carbonate  of  iron 
precipitating,  combined  with  1  at.  of  water,  as  a 
white  Toluminous  hydrate,  the  sulphate  of  soda 
remaining  in  solution. 

1  at.  FeO  +  SO3  +  7  HO,  and 

1  at.  NaO  +  CO2  +  10  HO,  form 

1  at.  FeO  +  COg  +  HO, 

1  at.  NaO  +  SO3,  and  16  at.  HO. 

1738  Parts  of  protosulphate  of  iron  require  1790 
parts  of  ciystaUized  soda.  Thrown  down  at  the 
ordinary  temperature,  this  precipitate  is  exceedingly 
bulky,  and  in  spite  of  every  precaution  becomes 
partially  oxidized  in  washing,  absorbing  oxygen  and 
giying  off  the  carbonic  acid  *  and  a  portion  of  water, 
hydrated  peroxide  being  formed.  The  process  is 
expressed  in  the  following  formula. 

*  Oarbonio  add  fonns  with  peroxide  of  iron  no  permanent 
eomMnadon. 
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4  at.  FeO  +  CO2  +  HO,  and  2  at.  O,  form 

1  at.  2  Fe203  +  3  HO,  4  at.  COj,  and  1  at.  HO. 

When  precipitated  at  the  boiling  temperature,  a 
rather  larger  portion  is  oxidized,  but  the  quantity  is 
constant  (for  105  parts  of  precipitate;  16  parts),  so 
that  100  parts  of  the  boiled  precipitate  contain  aoout 
11  parts  of  hydrated  oxide  of  iron  (2re203+  3H0), 
and  is  moreover  obtained  in  a  compact  form.  On 
account  of  the  considerable  evolution  of  carbonic 
acid  which  takes  place,  the  carbonate  of  soda  must 
be  gradually  added.  One  important  advantage  in 
the  hot  precipitation  is  that  the  compact  precipitate 
thus  obtained  may  be  readily  washed  without  per- 
ceptible change. 

If  the  precipitate  is  suspended  in  water  and  (on 
account  of  the  green  or  grayish  oxide  it  contains) 
boiled  with  a  somewhat  large  proportion  of  chlorate 
of  potash,  all  the  oxygen  of  die  latter  is  absorbed 
by  the  protoxide  of  iron,  which  being  converted  into 
peroxide,  is  precipitftted  with  half  the  quantity  of 
water  it  contained  as  carbonate  of  iron ;  all  the  car- 
bonic acid  is  given  off,  and  the  supernatant  liquid, 
in  addition  to  the  sulphate  of  soda  previously  there, 
contains  chloride  of  potassium. 

12  at.  FeO  +  CO2  +  HO,  and 

1  at.  KO  +  CIO5,  form 
6  at.  FcaOg  +  HO,  12  at.  COg,  6  at.  HO, 

and  1  at.  KCl. 

In  order  to  convert  the  whole  of  the  protoxide  of 
iron  contained  in  the  12  at.  or  20,850  parts  of  pro- 
tosulphate  of  iron  into  peroxide,  1532  parts  of  chlo- 
rate of  potash  are  requisite.  The  proportion  speci- 
fied, 1  part  to  13  of  protosulphate,  is  more  than  suf- 
ficient, as  it  has  been  already  shown  that  the  car- 
bonate contains  a  considerable  proportion  of  per- 
oxide. If  the  chlorate  of  potash  is  added  gradually 
instead  of  at  once,  it  is  very  probable  that  for  wau( 
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of  sufficient  oxygen  the  black  proto-  and  peroxide 
(magnetic  oxide)  will  be  formed,  which  no  addition 
of  chlorate  of  potash  will  oxidize  further. 

(b){e)  When  the  precipitate  (a),  after  being  washed 
with  exposure  to  the  air,  is,  without  boiling  with 
chlorate  of  potash,  dried  in  the  air,  from  the  action 
of  the  oxygen  of  the  latter,  all  the  protocarbonate 
gives  off  its  carbonic  acid,  and  one-fourth  or  one- 
sixth  of  its  chemically-combined  water,  and  is  con- 
Terted  into  peroxide  containing  one-and-a-half  or 
one-and- two- thirds  of  water  of  hydration  : — 

4  at.  FeO  +  CO.^  +  HO,  and  2  at.  O,  form 

1  at.  2  Fej403+  3  HO,  4  at.  CO^,  and  1  1 1.  HO. 

That  with  one-and-two-thirds  water  of  hy  aation, — 

6  at.  FeO  +  CO^^  +  HO,  and  3  at.  O,  form 

1  at.  3  Fe^Oa  +  S  HO,  C  at.  CO,,  and  1  at.  HO. 

(d)  (e)  When  the  carbonate  of  soda  precipitate  well 
washed  and  pressed,  is,  without  the  treatment  with 
chlorate  of  potash,  dried  in  bladders  instead  of  in  the 
open  air,  the  pores  of  the  membrane  allow  all  the 
water  to  escape  and  then  close ;  consequently,  by 
this  method  a  higher  oxidation  will  scarcely  occur. 
As  soon  as  the  bladder  is  opened,  and  the  contents 
exposed  to  the  air,  a  considerable  evolution  of  heat 
takes  place,  and  the  greenish-wliite  colour  is,  with 
the  evolution  of  aqueous  vapour  and  carbonic  acid, 
exchanged  for  a  brown  ;  the  chemical  action  of  this 
is  that  the  hydrated  i)rotocarbonate  loses  its  carbonic 
acid,  acquiring  in  exchange  i  at.  of  oxygen  and  ^ 
at.  of  water  : — 

2  at.  lVO  +  CO.,  +  nO,  1  at.  O,  and  1  at.  110,  form 
1  at.  Fc..O,+  3110,  and  2  at.  CO,. 

The  conversion  does  not  instantly  occur,  but 
after  the  first  powerful  action  has  ceased  a  con- 
siderable quantity  of  protoxide  remains,  which  be- 
comes gradually  doromposed  in  the  same  manner. 
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The  rise  of  temperature  consequent  on  the  contact 
of  the  carbonate  with  air  can  scarcely  be  due  to  the 
fixing  of  the  oxygen, — that  is,  its  conversion  from 
the  gaseous  into  the  solid  state,  as  in  exchange  for 
eyery  atom  of  oxygen  which  is  fixed,  two  atoms  of 
carbonic  acid  are  given  off  as  gas,  and  these  will 
abstract  all  the  heat  which  the  oxygen  may  give 
out ;  but  the  reason,  in  all  probability,  lies  in  the 
energy  with  which  the  protoxide  absorbs  oxygen  to 
become  peroxide.  The  heat  evolved  is  sufficient  to 
cause  a  small  portion  of  water  to  be  given  off  with 
the  carbonic  acid,  which  together  with  that  neces- 
sary for  the  constitution  of  this  hydrate  is  replaced 
during  the  gradual  oxidation  of  the  remainder. 

According  to  the  preceding,  this  preparation 
should  have  the  formula  FcgOa  +  3H0,  that  is,  be- 
come a  terhydrate.  We  know  however  from  what 
has  been  said  under  the  article  (a),  that  the  freshly 
prepared  precipitate  is  not  a  pure  proto-salt,  but 
contains  about  11  per  ct.  of  sesqui-hydrated  per- 
oxide. 11  Per  ct.  of  the  sesqui-hydrated  peroxide 
and  89  per  ct.  of  the  hydrated  protoxide  correspond 
to  1  at.  of  the  former  and  22  at.  of  the  latter,  which 
is  equal  to  1 1  at.  of  the  terhydrated  peroxide  ; — 

1  at.  2  Fe203+  3H0,  and  11  at.  Fea03  +  3H0,  have 

the  empirical  formula 
13  Fe203  +  36HO,  which  nearly  corresponds  to 

SFejOa  +  SHO. 

This  hydrate  sometimes  contains  more  than  1  per 
ct.  of  water  less,  and  corresponds  to  2Fe203  +  5H0. 
The  mother  liquors  obtained  under  (6)  (c)  (rf)  (c)  can  be 
evaporated  for  Glauber's  salts. 

(/)  If  the  iron  be  precipitated  from  a  solution 
which  has  been  entirely  converted  into  a  persalt, 
the  precipitate  will  of  course  contain  no  protoxide. 
For  this  purpose  the  sulphate  of  iron  is  previously 
treated  with  nitric  acid.  The  latter  gives  up  3  at. 
of  its  oxygen,  which  uniting  to  6  at.  of  protoxide  of 
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tern  8  at.  of  oxide.  S  At.  of  peroxide  of  iron 
Itouhc  to  locm  B  Boltible  neutral  sulphate,  9  at.  of 
ffMyiwTli%  add,  consequently  to  6  at.  of  protoeul- 
vliato  of  iron  8  at.  of  sulphuric  acid  must  be  added. 
IShe  nltrio  oxidei-KO)  to  which  the  nitric  add  is 
tinui  reduced,  when  in  contact  with  the  air  again 
^■iwrtMiiiMi  y/fiiti  2  at.  of  oxygen  and  appears  as 
toownish-yellow  yapoursa>N04. 

6  at.  FeO  +  S0«  +  7HO,  3  at.  SO,  +  HO,  and 

1  at.  NO5,  form 
S  at.  Pe203  +  SSOs,  45  at.  HO,  and 

1  at,  NOj. 

10425  Parts  of  sulphate  of  iron  require  1839  parts 
of  hjAnited  sulphuric  acid  and  675  parts  of  anhy* 
dnros  or  2500  parts  of  nitric  acid  of  27  per  ct.  (spec. 
gni;T.,l*20}.  As  at  the  moment  when  the  iron  be- 
eomes  fo^  oxidized  the  mixture  is  subjected  to  a 
liolent  eflerrescence,  the  yessel  contammg  it  must 
be  tdLentUy  capacious,  and  in  case  of  its  coming 
om  it  is  well  to  have  an  empty  dish  in  readiness. 
That  all  the  iron  is  converted  into  peroxide  is  proved 
by  ferridcyanide  of  potassium,  which  havmg  no 
action  on  persalts  gives  with  protosalts  a  blue  pre- 
dpitate ;  this  precipitate  (Tumbull's  blue)  is  a  com- 
pound of  1  at.  of  ferridcyanide  of  potassium  and  4  at. 
of  a  double  cyanide  of  iron  (Prussian  blue),  which, 
to  3  at.  of  protocyanide,  contains  only  1  at.  of  per- 
cyanide  of  iron,  and  is  l^us  formed : 

12  at.  FeO  +  SO3,  and  5  at.  3KCy + FejCyj,  form 
12  at.  KO  +  SO3,  and  (3KCy  +  FcjCyg)  + 
4(3FeCy  +  Fe2Cy3) 

The  whole  of  the  protoxide  in  the  protosulphate 
of  iron  can  be  converted  into  peroxide  without  the 
additional  sulphuric  acid,  but  the  process  is  more 
expensive,  in  so  much  as  the  sulphuric  acid  will 
have  to  be  replaced  by  an  equivalent  quantity  of 
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nitric  acid,  in  order  to  dissolre  all  of  the  peroxide 
formed :  and  the  mixture  in  this  case  would  be 
persulphate  and  pemitrate  of  iron ;  or, 

3  at.  Fe.Oj,  6  at.  SO^,  and  3  at.  NO5,  form 
2  at.  Fe203+  3SO3,  and  1  at.  Fe203+  3NO5. 

"When  caustic  solution  of  ammonia  (oxide  of  am- 
monium) is  added  to  the  persulphate  of  iron,  it 
combines  with  the  sulphuric  acid  of  the  latter  to  a 
readily  soluble  salt,  whilst  the  oxide  of  iron  pre- 
cipitates in  combination  with  3  at.  of  water. 

3  at.  Fe303  +  3S03,  9  at.  NH3  +  HO,  and 

9  at.  HO,  form 
9  at.  NH^O  +  SO3,  and  3  at.  Fej03+  3H0. 

7500  Parts  of  persulphate  of  iron  (obtained  from 
10425  parts  of  protosulphatc,  &c.,)  require  1917 
parts  of  anhydrous  ammonia,  or  19170  parts  of 
Liq.  ammonia,  spec.  gray.  0*960  (s=10  per  ct. 
anhydrous  ammonia). 

The  sulphate  of  ammonia  is  obtained  from  the 
supernatant  liquor  by  evaporation. 

In  using  a  caustic  fixed  alkali,  the  process  is  the 
same  as  with  a  carbonate ;  in  ihe  latter  case  the 
carbonic  acid  will  be  giyen  off. 

This  oxide  of  iron  is  also  employed  as  an  antidote 
for  arsenic,  and  for  this  purpose  it  should  be  used 
in  the  moist  state,  to  insure  a  speedy  and  certain 
action.  When  the  hydrate  weighs  nine  times  as 
much  as  the  protosulphate  used,  24  parts  contain 
1  part  of  terhydrated  peroxide  of  iron,  or  f  of  a 
part  of  anhydrous  peroxide  ;  for, 

2  at.,  or  3475  parts,  of  protosulphate  of  iron  give 
1  at,,  or  1338  parts,  of  terhydrated  peroxide  of 
iron,  or  1000  parts  of  anhydrous  peroxide  of  iron ; 
for  1  part  of  protosulphate  =^9  parts  of  the  above 
of  hydrate  and  water;  or,  0*38  parts 
j|;SHO  ;  or,  0*28  FejOj  ;  or,  what  is  the  same 
parts  of  protosulphate  of  iron  =24  parts 
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•f  nofirt  lijdnKte;    1*01  Fe||0,+8H0;   or,  0*75 

BrtpmHm^ — The  Imbated  oxides  of  iron  obtained 
hf  iSam  proceMee  (a)  (6)  and  (c)^  form  a  dirty  yellow- 
iBOwnaBunphooa  pomer ;  tnoee  from  (<Q  («)  and  (/) 
hsfe  «  veddlali-biown  tint.     They  are  odourleas 
and  taBlfilw,  hwolnble  in  water,  but  dissolye  readily 
in  liydrochloric  acid,  forming  a  golden-yellow  soln* 
tion.     Heated  to  redneas,  they  lose  tiieir  water.    If 
ther  hsfe  not  been  oarefuUy  washed,  water,  when 
boifad  on  them,  gives,  with  solution  of  chloride  of 
b«riiim»  a  prec^itate  of  sulphate  of  baryta.     If  on 
treatment  with  liydrochloric  acid  effervescence  is 
eanaed,  cmhoMe  amd  isiuresent ;  this  may  arise  from 
tha  ezeets  of  carbonate  of  soda  not  being  washed 
oiit»*  or  if  common  water  has  been  used  instead  of 
dirtJUed,  it  wiU  be  due  to  carbonate  of  lime ;  it 
being  taken  for  granted  that  all  the  iron  is  entirely 
OQurerted  into   oxide    (and   that   the  precipitates 
(B)  («)  (iQ  («)   have  been   exposed  a  considerable 
time  to  the  au).    If  carbonate  of  lime  is  present,  it 
may  be  detected,  in  the  feebly-acidified  solution,  by 
oxidate  of  ammonia.    If  the  hydrochloric  acid  solu- 
tion gives,  with  ferridcyanide  of  potassiimi,  a  blue 
precipitate,  it  contains  protoxide;  {vide  (/)),    If  after 
dissolving  in  hydrochloric  acid  there  is  a  white 
gelatinous  residue,  soluble  in  potash,   it  is  silica, 
arising  from  the  use  of  a  potash  containing  silica. 
Any  oxide  of  copper  present  is  known  by  the  blue 
coloujr  it  acquires  when  shaken  with  a  solution  of 
carbonate  of  ammonia.     Should  the  colour  not  be 
perfectly  evident,  supersaturate  with  acetic  acid,  and 
add  solution  of  ferrocyanide  of  potassium,  which 
with  the  smallest  trace  of  copper  causes  a  brownish- 
red  precipitate. 
The  terhydrated  oxide  of  iron  which  exists  in  the 


*  Whicli,  as  I  have  already  remarked  under  if),  never  entirely 
nappens. 


280  FE&BUM  OXIDATUM  &UBRUU» 

moist  mass  (vide  (/) )  loses,  by  long  standing,  the 
half  of  its  chemically-combined  water,  becoming 
crystallized  instead  of  amorphous,  is  no  longer 
soluble  in  acetic  acid,  and  dissolves  with  difficulty 
in  tartaric.  It  is  therefore  recommended,  about 
every  six  months,  that  the  hydrate,  kept  as  an  anti- 
dote to  arsenic,  be  redissolved  in  hydrochloric  acid 
and  precipitated  with  ammonia. 


FERRUM  OXIDATUM  RUBRUM. 

Ferri  Oxidum. — Croats  Martis  Astringena, — Red 

Oxide  of  Iron, 

Formula:  FegOg. 

Preparation, — A  portion  of  the  hydrated  oxide  of 
the  previous  article  (that  under  (6)  is  preferable,  as 
being  least  costly)  is  tightly  pressed  into  an  earthen 
crucible,  the  latter  covered  and  gently  heated  as 
long  as  its  contents  diminish,  then  to  very  faint 
redness  for  half  an  hour.  7  Parts  of  the  sesqui- 
hydrated  oxide  of  iron  give  from  6  to  6  parts  of 
oxide. 

As  native  oxide  of  iron  generally  contains  silica, 
it  must  not  be  substituted  for  this  preparation. 

Recapitulation, — The  hydrated  oxide  of  iron  loses 
its  water  by  heating,  pure  oxide  remaining.  The 
heating  must  scarcely  be  carried  to  redness,  as,  on 
account  of  the  powerful  evolution  of  watery  vapour, 
a  portion  of  the  contents  is  thrown  out  of  the 
crucible. 

Properties, — ^The  anhydrous  oxide  of  iron  is  an 
odourless  and  tasteless  dark  crimson-red  powder, 
perfectly  insoluble  in  water.  Hydrochloric  acid 
dissolves  it  entirely,  although  with  difficulty,  form- 
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nff,  without  any  ^  being  eTolved,  a  golcLen* 
jeUow  solution,  which,  miut  not  giye,  with  £enid« 
cyanide  of  potassium,  a  Uue  precipitate,  otherwise 
protoxide  is  present ;  (vMfe  the  preyious  article). 


FEBBUM  OXIDATUM  ACETICUM 
LIQUIDUM. 

JJ^vor  Ftrri  AceMis, — SohUion  of  Peracetate  of  Iron. 
Fobmula:  FoaOs  +  A  +  zAq. 

Preparation, — ^The  terhvdrated  oxide  of  iron, 
prepared  from  16  parts  of  protosulphate,  as  in  the 
article  Fbb&ttx  Oxid.  Htdkat.,  alter  washing  and 
pressing,  is  dried,  so  that,  although  stilL  moist,  it  is 
friable  (in  which  state  it  will  weigh  from  16  to  20 
parts),  rubbed  up  in  a  porcelain  mortar  with  8  parts 
of  acetic  acid,  spec.  gray.  1*045,  the  whole  poured 
into  a  bottle,  and,  with  frequent  shaking,  idlowed 
to  digest  two  days,  at  the  ordinary  temperatiire ; 
then,  if  all  the  oxide  is  not  dissolved,  acetic  acid 
added  in  small  portions,  2  parts  more  will  be  ample, 
and  the  solution  diluted  with  water  until  its  weight 
is  36  parts. 

Allow  it  to  stand  some  days  for  all  impurities  to 
subside,  then  strain  and  keep  in  a  closed  yessel,  in 
a  cool  dark  place. 

Recapitulation. — Hydrated  oxide  of  iron,  in  a  dry 
state,  dissolves  in  acetic  acid  with  difficulty  and  but 
partially ;  consequently  they  must  be  brought  in 
contact  whilst  the  oxide  is  recently  precipitated. 
In  order  that  the  solution  be  not  too  dilute,  the 
greater  portion  of  the  water  is  removed  by  pressure. 
From  the  quantity  of  acetic  acid  necessary  for  the 
solution  of  Ihe  precipitate  (8-10  parts,  of  a  spec, 
gray.  1*045,  to  the  oxide  from  16  parts  of  sulphate 
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of  iron),  it  appears  that  the  salt  corresponds  to  the 

formula  Fe.^03  +  A.  16  Parts  of  sulphate  of  iron 
yield  4 J  parts  of  anhydrous  oxide,  8-10  parts  of 
acetic  acid,  spec.  gray.  1*045,  contain  2|  to  Sj  of 
anhydrous  acid ;  the  atomic  weight  of  oxide  of 
iron  is  1000,  that  of  acetic  acid  638.  If  rather 
more  than  8  parts  of  acetic  acid  of  the  proper  weight 
are  required,  it  is  because  the  strength  of  the 
acid  cannot  be  exactly  determined  from  its  specific 
gravity  ;  a  slight  per  centage  more  or  less  scarcely 
causing  the  areometer  to  fall  or  rise.  Heat  is  un- 
necessary for  the  solution  of  the  hydrate,  but 
rather  injurious,  as  it  may  cause  a  separation  of  a 
portion  of  oxide,  which  wUl  require  a  large  excess 
of  acid  again  to  take  it  up. 

In  order  to  obtain  the  solution  of  a  uniform 
strength,  it  should  always  be  brought  to  one  certain 
weight.  As  16  parts  of  protosulphate  of  kon  form 
4}  parts  of  oxide,  36  parts  of  solution  contain  the 
same  quantity,  or  8  parts  contain  1  of  oxide. 

Properties, — ^Thus  prepared,  the  liquid  per-  acetate 
of  iron  is  a  dark,  reddish*  brown,  clear  fluid, 
transparent  only  in  moderate  layers,  of  spec.  grav. 
1*130  to  1*135.  It  has  the  odour  of  acetic  acid, 
with  an  acid,  astringent,  ferruginous  taste.  Caustic 
ammonia  causes  in  it  a  bulky,  reddish-brown  pre- 
cipitate of  peroxide  of  iron ;  the  supernatant 
liquid  must  be  colourless ;  if  it  has  a  blue  tint, 
this  denotes  copper^  and  hydrosulphuret  of  ammonia 
causes  a  brownish  or  black  precipitate  of  sulphuret 
of  copper. 

*  9  Parts  of  this  liquid  form,  with  2  parts  alcohol 
80  per  ct.  and  1  part  of  acetic  ether,  Tinctiura  ferri 
acetici  setherea  Klaprothii.  21  Parts  of  this  tinc- 
ture contain  2  parts  of  peroxide  of  iron. 

A  very  disagreeable  property  of  the  liquid  acetate 
of  iron  and  its  tincture  is,  that  after  keeping  a 
longer  or  shorter  time  it  becomes  gelatinous,  and  a 
portion  of  the  iron  separates  as  a  basic  acetate  of 
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iron.  This  decompontioii  does  not  arise  from 
an  eixor  in  making  it,  or  the  employing  impure 
inatimalsi  hat  from  the  weak  affinity  existing  he» 
tween  the  peroxide  of  iron  and  the  acetic  acid,  and 
the  tendency  which  the  iron  has  to  form,  with  the 
acid,  a  basic  salt,  which  is  insoluble  in  acetic  add ; 
and  it  is  on  account  of  this  insolubility  tiiat  excess 
of  acetic  acid  will  not  again  dissolve  it.  The  de- 
eosQKwition  of  the .  tincture  is  sToided  by  makins 
only  small  portions  at  a  time.  A  decomposed 
aqueous  solution  shoidd  be  filtered,  and,  when  well 
drained,  the  contents  of  the  filter  dissolved  in  di- 
lute hydrochloric  acid,  precipitated  with  ammonia, 
washed,  pressed,  added  to  the  filtered  liquors,  and 
allowed  to  digest  some  days  at  the  ordinary  tem- 
perature, when  most  of  it  will  dissolve.  The 
Uquid  is  then  to  stand,  and  is  strained  from  the 
precipitate. 


FEBRUM   OXIDATUM    CITiaCUM 
AMMONIATUM. 

Ferri  Ammonio  Citraa, — Ammonio  Citrate  of  Per" 

oxide  of  Iron. 

PORMULA : 

(5NH4O  +  2Ci  +  6H0)  +  4  (Fe^Oa  +  Ci  +  3H0). 

Preparation, — ^Hydrated  oxide  of  iron,  prepared 
(according  to  (/)  under  that  article)  from  16  parts 
of  protosulphate  of  iron,  after  being  washed,  and 
whUst  still  suspended  in  water,  is  treated  with  33 
parts  of  citric  acid  that  has  previously  been  dried  at 
a  gentle  heat ;  when  the  hydrate  is  dissolved  car- 
bonate of  ammonia  is  added  to  the  brownish-yellow 
solution  (nearly  14  parts  will  be  sufficient),  and  this 
evaporated  with  a  gentle  heat  to  dryness.  The 
dried  mass,  after  powdering,  is  kept  in  a  closed 
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Yessel,  and  should  weigh  about  one-third  more  than 
the  citric  acid  used. 

Recapitulation, — Freshly  precipitated  hydrated 
oxide  of  iron  is  entirely  soluble  at  the  ordinary  tem- 
perature in  an  equivalent  weight  of  citric  acid ;  that 
which  has  been  kept  under  water  is  less  so,  whilst 
the  dried  is  still  less  soluble.  One-half  more  citric 
acid  than  the  equivalent  quantity  is  here  ordered,  as 
citrate  of  ammonia  is  also  to  be  formed.  Citric  acid 
dried  with  a  gentle  heat  consists  of  CjaHgOn  +  3HO 

or  Ci+3H0,  and  if  we  consider  carbonate  of  am- 
monia asNH40  +  2CO2  +  HO  (the  composition  of  that 
generally  met  with  in  shops),  the  following  formula 
explains  the  process : 

2  at.  FejOs,  3  at.  Ci+  3H0,  and  3  at.  NH^O  + 
2CO2  +  HO,  form 

1  at.  3NH4O  +  Ci  +  3H0,  2  at.  (FcjOo  +  Ci  + 
3H0),  6  at.  CO2,  and  3  at.  HO. 

2000  Parts  of  peroxide  of  iron  require  7200  parts  of 
hydrated  citric  acid,  and  2964  parts  of  carbonate  of 
ammonia.  As  16  parts  of  protosulphate  of  itpn 
form  ^  parts  of  peroxide,  the  latter  require  33  parts 
of  hydrated  citric  acid,  and  almost  14  parts  of  car- 
bonate of  ammonia.  During  evaporation  ^  of  the 
ammonia  is  given  off,  consequently  the  preparation 
has  the  formula  assigned  to  it  at  the  commencement 
of  this  article. 

Properties, — ^Dry  ammonio  citrate  of  iron  has  the 
appearance  of  a  brownish-yellow  resinous  mass, 
forming  a  greenish-yeUow  powder,  having  a  some- 
what pungent  saline  taste,  becoming  ferruginous  ; 
it  attracts  moisture  from  the  air  and  acquires  after 
some  days  the  consistence  of  an  extract.  In  water 
it  entirely  dissolves,  with  a  greenish-yellow,  inclin- 
ing to  a  sulphur-yellow  colour;  the  solution  should 
give  with  ferridcyanide  of  potassium  too  green  or 
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blue  colour,  fax  less  a  blue  precipitate,  in  either  of 
which  cases  protoidde  is  present. 


FERRUM  OXIDATUM  PHOSPHORICUM. 

Ferri  Perphosphas, — Perphosphate  of  Iron, 

FoBMULA  :  FcgOa  +  PgOj  +  8H0. 

Preparation, — 16  Parts  of  protosulphate  of  iron 
are  converted  into  persulphate  with  nitric  acid  as  in 
the  article  Febb.  Oxidat.  Htdrat.  (/),  the  solu- 
tion diluted,  and  a  solution  of  ordinary  crystallized 
phosphate  of  soda  added  as  long  as  it  causes  a  pre- 
cipitate. From  33  to  34  parts  of  the  soda  salt  will 
suffice.  After  subsiding,  the  supernatant  liquor  is 
decanted  and  the  residue  dried  with  a  gentle  heat. 
The  weight  of  the  product  will  be  about  13  parts. 

Recapittdation, — When  aqueous  solutions  of  per- 
sulphate of  iron  and  phosphate  of  soda  are  brought  in 
contact,  1  at.  of  peroxide  of  iron,  1  at.  of  phosphoric 
acid,  and  8  at.  of  water,  combine  to  form  an  inso- 
luble compowid.  One  might  suppose  that  1  at.  of 
phosphate  of  soda  would  suffice  to  1  at.  of  persul- 
phate of  iron,  but  experience  shows  that  at  least  1^ 
at.  of  the  former  are  necessary  to  cause  the  precipi- 
tation as  phosphate  of  the  whole  of  the  iron  in  the 
solution,  and  the  process  is  thus  expressed : 

2  at.  FcaOg  +  3SO3,  and  3  at.  2NaO  +  HO  +  PgOg  + 

24Aq.,  form 
2  at.  Fe.^03  +  P.^05+8nO,  6  at.  NaO  +  SOg,  1  at. 

P.Ps,  and  59  at.  HO. 

4  At.  or  6950  parts  of  protosulphate  of  iron  require, 
after  being  converted  (by  nitric  acid  and  2  at.  sul- 
phuric acid)  into  persulphate,  13476  parts  of  crys- 
tallized phosphate  of  soda.  The  liberated  sulphuric 
acid  is  exactly  sufficient  to  neutralize  all  the  soda, 
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although  from  the  free  phosphoric  acid  present  it  is 
certainly  more  correct  to  consider  that  this  satura- 
tion is  divided  hetween  the  two  acids,  so  that  with 
the  addition  of  2  at.  of  water  the  solution  may  be 
supposed  to  consist  of 

4  at.  NaO  +  SO3,  1  at.  NaO  +  2SO3,  and 
lat.  NaO  +  2HO  +  P206. 

The  acid  solution  (which  as  has  been  previously 
shown  contains  no  trace  of  iron),  when  a  consider- 
able excess  of  phosphate  has  been  used,  may  be 
neutralized  with  lime  and  used  for  Glauber's  salts. 
Properties. — Phosphate  of  iron  thus  prepared  is  a 
white  powder  with  a  slightly  yellow  tinge,  odourless 
and  tasteless,  the  particles  of  which  when  highly 
magnified  appear  transparent  and  crystalline.  At 
212°  Fah.  it  loses  half  its  water,  and  at  a  red  heat 
becomes  anhydrous  without  changing  its  colour.  In 
water  it  is  insoluble  ;  hydrochloric  acid  readily  dis- 
solves it  to  a  golden-yellow  solution,  which  when 
diluted  with  water  must  give  vrith  ferridcyanide  of 
potassium  no  blue  precipitate,  otherwise  it  is  not 
free  from  protoxide  of  iron;  {videAxMOV,  Chlorat. 

F£BRATUM). 


FERRUM  OXIDATUM  SULPHURICUM. 
Ferri  Persulphaa.^^Permlphate  of  Iron, 

Formula,  of  the  Dried  Salt  :  FcgOg  +  SSOg +5H0. 

Preparation, — 16  Parts  of  protosulphate  of  iron 
are  oxidized  as  directed  under  the  article  Ferrum. 
OxiDAT.  Hydrat.  (f),  the  solution  heated  in  a 
porcelain  dish  until  all  adhering  nitric  acid  is  given 
ojff  (this  point  is  known  by  indigo  solution  being  no 
longer  decolourized),  then  diluted  with  water  until 
the  whole  weighs  32  parts,  and  kept  in  a  dark 
place.     If  required  in  a  dry  form  the  solution  is 


TH 
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eniKiratedy  th6  latter  part  of  the  time  in  a  Mnd  bathy 
eointimiallY  stirring  irith  a  porcelain  gpatula,  until  the 
nuM  acquires  a  tough  resinoos  and  on  ooolhig  brittle 
consistence,  it  is  then  powdered  in  a  drj  cool  mortar 
and  kept  in  the  dark  in  a  well-closed  bottle. 

i{0M9»ftffo^um.— As  under  the  article  Fesb.  Oxi- 
BAT.  Htdbat.  (/).  The  persulphate  of  iron  not 
bdng  crystallixaDle,  and  as  its  evaporation  to  cbrj- 
ness  is  attended  with  some  difficulty,  it  may  with 
adrantage  be  kept  in  the  form  of  solution,  being 
almost  always  used  in  this  state.  In  the  de^ee 
of  concentration  just  giyen  its  absolute  weight  is 
double  that  of  the  protosulphate  used,  its  spec.  gray. 
1*4(K> ;  28  parts  contain  18  of  salt,  64*25  per  ct. 
The  dry  salt  must  be  preseryed  from  contact  with 
the  air,  as  it  readily  attracts  moisture  and  deli« 
quesces ;  both  the  salt  and  its  solution  must,  like 
perchloride  of  iron,  be  guarded  from  the  light; 
otherwise,  though  fiur  more  slowly  than  the  chlonde^ 
they  become  pifftiaUy  reduced  to  protosalts,  i  of  the 
oxygen  of  the  peroodde  of  iron  and  i  of  the  sulphuric 
add  being  liberated : 

1  at.  Fe^Oa  +  SSOa,  form 

2  at.  FeO  +  SOg,  1  at.  O,  and  1  at.  SO3. 

Properties, — Dry  persulphate  of  iron  forms  either 
an  amorphous  resinous  mass,  somewhat  resembling 
in  appearance  tannin  from  gall  nuts,  or  a  pale 
greenish-yellow  powder.  It  is  odourless,  but  has  a 
pungent  saline  excessiyely  bitter  taste.  In  the  air 
it  deliquesces  to  a  brownish-yeUow  solution,  whicV 
reacts  strongly  acid,  and  mixes  with  water  and 
alcohol  in  all  proportions.  The  solution,  having 
the  spec.  gray.  1*400,  is  brownish-yellow  and  almost 
of  a  syrupy  consistence.  Heated  to  redness  the  salt, 
without  fusing,  gradually  loses  its  water  and  acid, 
leaving  a  crimson-red  powder  of  pure  peroxide. 
Any  contamination  with  protoaaUs  is  detected  by 
ferridcyanide  of  potassium,  which  then  causes  a  blue 
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precipitate ;  (vide  Ammon  .  Chlobat.  Febrat.)  .  Ccp' 
per  is  present  if  after  the  oxide  of  iron  is  precipitated 
with  excess  of  ammonia  the  supernatant  liquid  has 
a  blue  appearance. 


FERRUM   OXIDATUM  VALERIANICUM. 

Ferri  Valerianas, —  Valerianate  of  Peroxide  of  Iron, 

Fobmula:  3Fe203  +  7CioH903  +  2HO;  or, 

7(Fe203  +  3Va)  +  2(Fe203  +  3H0) . 

Preparation, — 5  Parts  of  pure  valerianic  acid  (the 
terhydrate)  are  mixed  in  a  porcelain  dish  with  60 
parts  of  water,  and  constantly  stirring,  crystallized 
carbonate  of  soda  is  added  to  the  mixture  until  the 
acid  is  saturated  (six  parts  of  carbonate  will  effect 
this),  then  boiled  for  a  few  moments  and  allowed  to 
cool.  3  Parts  of  crystallized  perchloride  of  iron  are 
now  dissolved  in  a  cylindrical  glass  vessel  (or  3f  parts 
of  dry  persulphate,  vide  this  article)  with  100  parts 
of  water,  and  the  tJioroughly^  cooled  solution  of  valeri- 
anate of  soda  added  to  the  latter  so  long  as  it  causes 
a  precipitate.  All  the  solution  of  valerianate  of  soda 
wiU  be  required  for  this  purpose.  The  precipitate 
after  depositing  is  collected  on  a  filter  and  washed 
with  only,  as  much  water  as  is  necessary  to  rinse 
the  glass  cylinder ;  the  precipitate  is  dried  at  a 
temperature  not  exceeding  70°  Fah.  and  kept  in  a 
closed  vessel.  The  product  will  nearly  equal  the 
weight  of  acid  employed. 

T^e  liquid  which  filters  from  the  precipitate  is  not 
thrown  away,  but  distilled  in  a  retort  until  nearly  § 
have  passed  over  ;  this  distillate  is  a  dilate  aqueous 
solution  of  valerianic  acid. 

Recapitulation, — The  valerianic  acid  drives  off  the 
carbonic  acid  from  the  carbonate  of  soda,  and  uniting 
with  the  base  forms  a  neutral  salt. 
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1  at.  Ya+ 8HO,  and  1  at.  NaO  4-  CO3+  lOHO  fbnn 
1  at.  NaO+^a,  1  at.  CO,,  and  13  at.  HO. 

1600  Parts  of  the  terkydrated  yalerianio  addrequix* 
thoefore  1790  parts  of  OTittalliaed  carbonate  of  soda, 
or  6  parts  of  the  former  nearly  6  parts  of  soda.  It  is 
neoeasar^  to  boil  the  solution  to  drive  off  all  the  car- 
bonio  acid.  If  this  neatral  solution  is  addedin  siif- 
flde&t  quantity,  (as  Vong  as  it  causes  a  preoipitatei) 
to  a  solution  of  perchloride  or  any  persalt  of  iron,  a 
dark  briek-red  precipitate  of  valerianate  of  iron 
and  readily  soluble  sulphate  of  soda  are  formed. 

3  at.  NaO  +  Ya,  and  1  at.  Fe,Ca,  (or  Fe^O,  +  3S0^, 
form 

1  at.  Fe»0,-i-8yaand  3  at.  NaOl  (orNaO  +  SO,). 

4600  Parts  of  ralerianic  acid  saturated  with  soda 
require  2704  parts  of  crystallized  perchloride  of  iron 
(Fej|(^-i-  6HOJ  or  3513  parts  of  dry  persulphate  of 
iron  (PejO,  +  380  +  9H0).  The  neutral  compound' 
of  peroxide  of  iron  with  yalerianio  acid  (FegOyt- 

3ya)  is  not  precipitated,  but  decomposes  as  soon  as 
formed  into  a  basic  salt  in  which-^if  the  formula  of 
the  neutral  salt  is  tripled — 2  at.  of  acid  are  replaced 

by  2  at.  of  water,  forming  a  salt  dTe^O-s  +  7Va  +  2H0, 
and  free  Yalerianio  acid,  which  holding  a  portion  of 
the  basic  salt  in  solution  gives  to  the  supernatant 
liquor  a  slightly  yellowish^red  colour.  This  small 
portion  of  tiie  basic  salt  may  be  re-obtained  by  very 
carefully  saturating  tlie  acid  with  soda,  but  tben  a 
portion  of  the  acid,  as  valerianate  of  soda,  will 
remain  in  the  solution.  The  affinity  between  the 
oxide  of  iron  and  valerianic  acid  is  so  feeble  that  a 
gentle  heat  will  suffice  to  abstract  the  greater  portion 
of  the  acid  ;  consequently  the  precipitation  should 
take  place  only  in  the  cold.  AU  the  iron  is  thrown 
down  by  boiling,  but  then  the  precipitate  will  either 
contain  only  a  trace  of  acid,  or  if  the  boiling  was 

c  0 
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continued  for  some  time,  none  at  all,  consisting  of 
nothing  but  hydrated  oxide  of  iron,  which  on  cool- 
ing will  not  again  combine  with  the  liberated  acid. 
These  facts  are  of  great  importance,  and  should  be 
borne  in  mind  in  making  these  preparations.  Even 
continued  treatment  with  cold  water  gradually  ab- 
stracts the  acid,  and  at  the  same  time  removes  a 
little  of  the  oxide  of  iron,  so  that  the  precipitate 
must  not  be  washed  as  long  as  the  water  passing 
off  has  an  acid  reaction. 

From  this  it  is  evident  that  by  simple  distillation, 
and  without  the  addition  of  any  other  acid  the 
whole  of  the  valerianic  acid  in  the  supernatant 
liquid  may  be  re-obtained. 

Properties, — The  valerianate  of  peroxide  of  iron 
obtained  by  precipitation,  is  a  dark  brick-red,  loose 
amorphous  powder,  smelling  and  tasting  faintly  of 
valerianic  acid.  Slowly  heated,  it  gradually  gives 
off  all  its  acid  mthout  fusing;  heated  rapidly  it 
melts  (evidently  with  the  separation  of  the  acid 
from  the  base),  and  the  acid  volatilizes  in  thick  com- 
bustible vapours,  but  at  the  same  time  undergoes 
decomposition,  for  the  fumes  scarcely  smell  of 
valerianic  acid,  but  possess  the  characteristic  odour 
of  butyric  acid  =€811703.  From  the  elements  of 
the  valerianic  acid  there  have  separated  2  at.  of 
carbon  and  2  at.  of  hydrogen,  which  combine  to 
form  2  at.  of  carburetted  hydrogen. 

1  at.  CioH903=l  at.  CgHjOg,  and  2  at.  CH. 

The  residue  is  pure  peroxide  of  iron.    The  salt 

jehaves  towards  cold  water  like  lycopodium,  that 

8,  it  will  not  mix  even  when  continuously  rubbed 

with  it.      By  warm  water  it  is  instantly  wetted, 

but  at  the  same  time  gives   up  a  portion  of  its 

acid.     Boiled  with  water  it  is  entirely  decomposed, 

into    free    acid  and  hydrated    peroxide  of    iron, 

which   on   cooling  will  not   again   combine.     The 

^reparation  is  readily  soluble  in  hydrochloric  acid, 

,^d  the  solution  when  diluted  will,  if  too  much 
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hTdiocliloric  acid  has  not  been  added,  cause  no  blue 
caLonr  with  ferridcyanide  of  potaBsium ;  -  the  per- 
oxide of  Iron  is  subject  to  partial  reduction  to  pro- 
toxide £rom  the  valerianic  acid,  as  from  acetic  add. 
If  the  salt  can  be  heated  rapidly  in  aplatinum  spoon, 
without  fusing,  it  does  not  contain  sufficient  acid. 


FERRUM  OXIDATUM  NIGRUM. 

Ferri  Per  «t  Protoxidum, — jStkiopa  Martialis, — Black 
Oxide  of  Iron,'^Magnetic  Oxide. 

Fo&MULA  OF  THAT  PREP  ABED  BT  THE  MoiST  WAY  : 

(FeO  +  Fe808)+HO. 

FOBMULA  07  THAT  PBEPAJLBD  BY  THE  DrY  WAY  : 

(FeO  +  FcaOj^  +  xFe  +  xC. 

.  Prepofotum,  —  Since  Wohler  has  made  known 
the  preparation  by  the  moist  way  of  a  black  oxide 
of  iron,  always  agreeing  in  composition,  that  by 
the  dry  method  is  scarcely  to  be  recommended; 
but  as  it  is  the  officinal  preparation  of  most  of  the 
pharmacopoeias,  we  must  not  overlook  it. 

(a)  By  the  moist  way, — 16  Parts  of  protOBulphate 
of  iron  are  converted  into  persulphate  as  directed 
under  (Ferr.Oxyd.Hydr.  (/));  theliquidis  diluted 
with  a  good  portion  of  water,  mixed  with  a  solu- 
tion of  8  parts  of  protosulphate  in  32  parts  of 
water,  and  treated  with  eolution  of  caustic  ammo- 
nia so  long  as  this  causes  a  precipitate.  24  Farts 
of  protosulphate  require  about  42  parts  of  ammonia 
spec.  grav.  0'960,  The  black  precipitate  is  allowed 
to  subside,  the  saline  solution  decanted,  the  residue 
thrown  on  a  filter,  dried  in  a  gentle  heat,  and  kept 
in  a  closed  bottle.     It  will  weigh  about  7  parts. 

(6)  By  the  dry  way.  —  A  certain  quantity  of 
liydrated  peroxide  of  iron  (as  the  kind  of  hydrate 
employed  is  immaterial,  the  sesquihydrate  may  be 
preferred  as  the  cheapest)  is  reduced  in  an  iron 
mortar  to  a  fine  powder,  and  so  much  linseed  oil 
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gradually  added  that  th6  powder  is  thoroughly 
saturated,  and  forms  a  crumbling  paste ;  oil  of 
about  half  the  weight  of  the  hydrate  will  suflBlce  ; 
the  mass  is  pressed  into,  a  bliaclc-lead  crucible 
sufficiently  capacious  to  hold  3  more,  the  crucible 
is  covered,  and,  excepting  a  yery  small  opening, 
closely  luted  with  clay.  When  the  lute  is  dry,  the 
crucible  is  placed  on  a  brick  in  a  good  wind 
furnace,  heated  at  first  gently,  and  then  more 
strongly,  until  neither  flame  nor  smoke  escape  from 
the  little  aperture  ;  it  is  now  raised  to  a  red  heat,  and 
this  continued  for  half-an-hour.  When  thoroughly 
cool  the  crucible  is  opened,  the  black  mass  finely 
powdered,  and  kept  in  a  closed  bottle.  The  pro- 
duce from  6  parts  will  be  from  4^  to  5  parts. 

Recapitulation  (a). — ^The  theory  of  the  formation  of 
persulphate  of  iron  has  been  already  explained. 
When  to  the  persulphate  protosulphate  is  added, 
equalling  half  the  weight  of  protosulphate  first  em- 
ployed, we  obtain  a  mixture  of  per-  and  protosul- 
phate of  iron = (FeO  +  SO3)  +  (Fe^Og  +  3SO3) .  Am- 
monia precipitates  the  proto-  and  peroxide  che- 
mically combined  with  each  other  and  1  at.  of 
water,  and  omiting  with  the  sulphuric  acid  forms 
soluble  sulphate  of  ammonia  (Oxide  of  Ammonium). 

1  at.  (FeO  +  SO3)  +  (Fe^a  +  SSOg),  4  at.  NH3,  and 

6  at.  HO,  form 
1  at.  (FeO  +  FegOg)  +  HO,  and  4  at.  NH4O  +  SO3. 

3450  Parts  of  anhydrous  sulphate  of  magnetic 
oxide  of  iron  (corresponding  to  3  at.  or  5214  parts 
of  protosulphate)  require  852  parts  of  anhydrous  or 
8520  parts  of  hydrated  ammonia  of  spec.  gray. 
0*960  (= about  10  per  ct.  of  ammonia).  The  pre- 
cipitate is  easily  washed  without  acquiring  a  higher 
form  of  oxidation. 

The  first  portion  of  the  wash  water  may  be  eva- 
porated for  sulphate  of  ammonia. 

(b)    When  hydrated  oxide  of  iron  is  heated  with 
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a  fiittjr  oil,  the  water  is  first  given  off,  and  then  the 
decomposition  of  the  oil  commences ;  one  portion  of 
the  carbon  of  the  oil  haying  abstracted  the  oxygen  of 
the  oxide  of  iron,  and  another  portion  in  combina« 
tion  with  the  oxygen  of  the  oil  pass  off  as  carbonic 
oxide  gas,  wlulst.  a  third  portion  imited  to  the 
hydrogen  of  the  oil  forms  carburetted  hydrogen 
(«bC1Q  ;  the  remainder  of  the  carbon  (for  the  oil 
contains  more  than  sufficient  to  convert  the  whole 
of  the  oxygen  and  hydrogen  of  the  two  substancea 
into    carbcmic    oxide    and  carburetted   hydrog^i) 
remains  with  the  oidde  of  iron.    At  the  commence- 
ment of  the  process  other  combustible  products  are 
flven  off  from  the  oil,  and  give  rise  to  the  thick  smoke* 
Tom.  the  excess  of  carbon,  we  might  expect  that  all 
the  iron  would  be  reduced  to  the  metallic  state,but 
although  this  occurs  with  a  considerable  quantity, 
the  greater  portion  of  the  oxide  oxily  gives  off  as  mudi 
oxygen  as  is  necessary  to  convert  it  into  the  magnetio- 
oxide.    Thus  it  is  evident  that  the  JSthiops  Mnrtj^l^ 
prepared  by  the  dry  way,  is  neither  pure  protoxide 
nor  magnetic  oxide  of  iron,  but  a  mixture  of  carbon, 
metallic  iron,  protoxide  and  peroxide  of  iron  ;  which 
two  oxides  may  be  considered  to  exist  as  a  compound, 
agreeing  in  chemical  composition  with  the  native 
magnetic  iron  ore.     I  found  that   100  parts  of  a 
beautiful  velvety  black  -^thiops  contained — 

'68 '8 2  magnetic  oxide, 
22*84  metal, 
8*34  carbon, 


100-00 


This  proportion  corresponds  nearly  to  3  at.  of  iron 
and  2  at.  of  magnetic  oxide.* 

*  Iron  scales  fVom  the  blacksmith's  forge  are  constant  in  oom- 
position,  and  free  from  metallic  iron;  100  parts,  when  flreshly 
made,  contain  54*26  of  protoxide  of  iron,  40*14  of  oxide  of  iron, 
and  5*60  of  silica  and  carbon.   The  relative  mixture  of  protoxide 

and  peroxide  corresponds  to  the  formula  SFeO  +  Fe^^s. 

C  0  2 
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Properties  (a), — The  black  oxide  of  iron  prepared 
by  precipitation  forms  a  jet  black  mass,  which 
finely  powdered  has  a  brownish-black  tinge,  and  is 
without  smell  or  taste.  It  dissolves  in  hydrochloric 
acid  readily,  quietly,  and  without  a  residue ;  the 
solution  has  a  yellowish  colour.  (b)  The  oxide 
prepared  by  heating  forms  a  similarly  black,  odour- 
less, and  tasteless  mass,  yielding  a  powder  which 
appears  entirely  black.  In  hydrochloric  acid  it 
dissolyes,  yet  not  so  readily  as  the  former,  and 
leaves  a  carbonaceous  residue;  the  solution  also, 
instead  of  going  on  quietly,  is  accompanied  by 
evolution  of  hydrogen  gas,  from  the  metallic  iron 
present.  Should  the  gas  have  the  smell  of  rotten 
eggs,  and  when  passed  through  acetate  of  lead 
solution,  cause  a  black  precipitate  (sulphuret  of  lead), 
it  contains  sulphuretted  hydrogen^  owing  to  the  pre- 
sence of  some  sulphuret  of  iron  in  the  J£thiops ; 
if  in  the  preparation  of  the  latter,  oxide  of  iron  has 
been  employed  which  was  precipitated  virith  a  fixed 
alkali,  and  not  very  carefully  washed,  the  alkaline 
sulphate  adhering  to  it  becomes  reduced  by  the 
carbon  of  the  oil  to  a  sulphuret  of  sodium  or  po- 
tassium, and  when  treated  with  hydrochloric  acid 
is  converted  into  a  chloride  with  the  evolution  of 
sulphuretted  hydrogen  gas.  If  the  colour  of  the 
preparation  inclines  more  to  brown  or  red,  it  con- 
tains, besides  the  magnetic  oxide,  \maltered  peroxide. 
Excess  of  ammonia  added  to  solution  of  chloride, 
and  ca\ising  a  blue  colour  in  the  supernatant  liquor, 
denotes  the  presence  of  copper. 
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FERBUM  PROTOXIDATUM  CARBONICUM. 

Ferri  Carboruu, — Proto-Carhonate  of  Iron, 

Fobmula:  (FeO  +  COa  +  HO)  +  x(Fe203  +  HO). 

• 

PrepartOion, — Under  the  article  Pebb.  Ozid. 
Htdbat.  ^a)  and  {d)^  the-  formation  of  a  protocar- 
bonate  of  iron  has  been  fully  described.  A  solution 
of  protosulphate  of  iron  is  heated  to  boiling  in  an 
iron  or  leaden  Tesseli  and  carbonate  of  soda  gra- 
dually added  so  long  as  an  efifenrescence  is  caused, 
the  precipitate,  washed  by  decantation,  is  pressed 
and  dried  in  a  bladder  in  the  air.  The  mass  when 
thoroughly  dried  is  immediately  transferred  to 
bottles,  which  must  be  carefully  dosed  and  kept  in 
a  oool  place.  1 8  Parts  of  protosulphate  of  iron  form 
about  i\  parts. 

EeeapiUAUaum, — Here  again  we  refer  to  the  ar- 
ticles (a)  and  {d).  On  account  of  the  avidity  with 
which  the  preparation  absorbs  oxygen,  the  bladder 
must  be  as  free  as  possible  from  air. 

Properties, — Well  prepared  carbonate  of  iron  is 
a  greenish-white  odourless  and  tasteless  powder. 
In  perfectly  closed  yessels  it  remains  unchanged  and 
only  the  surface  becomes  a  little  brown  from  the  air 
in  the  bottle  above  it.  In  the  open  air  it  soon  loses 
its  carbonic  acid,  and  forms  hydrated  oxide  of  iron ; 
(Vide  Febb.  Oxid.  Hydbat.  {d) ).  In  hydrochloric 
acid  it  dissolyes  readily  and  thoroughly,  with  a 
strong  evolution  of  carbonic  acid.  Lime  and  Copper 
are  detected  as  in  hydrated  oxide  of  iron. 
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FERRUM  PROTOXID.  CARBONICUM 
SACCHARATUM. 

Ferri  Carhonas,  c  Saccharo, — Saccharine  Carbonate 

of  Iron, 

Formula : 
(FeO  +  CO2  +  HO)  +  xCFe^Og  +  HO)  +  x(C[JB^ifiu)' 

Preparation, — Carbonate  of  iron  prepared  as  in 
the  preceding  article  is  mixed,  after  washing  and 
pressing  and  whilst  still  moist,  in  a  porcelain  dish 
with  finely  powdered  sugar  half  the  weight  of  pro- 
tosulphate  of  iron  precipitated ;  the  mass  is  con- 
stantly stirred,  evaporated  at  a  gentle  heat  to 
dryness,  rubbed  to  powder  and  kept  in  a  closed 
bottle.  13  Parts  of  sulphate  of  iron  yield  12  parts 
of  saccharine  carbonate  of  iron. 

JRecapitulatton. — When  sugar  is  added  to  moist 
carbonate  of  iron  it  immediately  abstracts  its  water 
and  at  the  same  time  the  mass  acquires  a  deep-green 
colour,  becomes  deliquescent,  and  the  carbonate  of 
iron  having  a  protecting  covering  of  sugar  undergoes 
no  further  change  during  the  evaporation  to  dry* 
ness.  The  real  use  of  the  sugar  is  to  prevent  the 
oxidising  action  of  the  air  on  the  protoxide  of  iron, 
and  by  this  means  the  carbonic  acid  is  retained  in 
combination  with  the  latter.  The  sugar  may  possi- 
bly in  this  case  exert  an  opposing  action  to  the  for- 
mation of  peroxide,  as  it  possesses  the  property  of 
reducing  peroxide  of  copper  to  protoxide,  {vide  Cupr. 
Protox.),  although  it  has  not  the  power  of  converting 
any  of  the  peroxide,  already  present,  to  protoxide. 

Properties, — Saccharine  carbonate  of  iron  is  a  per- 
manent greenish  or  brownish-grey  powder,  odour- 
less, with  a  sweet  and  somewhat  ferruginous  taste. 
Cold  water  dissolves  besides  the  sugar  a  small  quan- 
tity of  carbonate  of  iron  ;  if  however  this  solution  is 
heated  to  boiling  it  evolves  carbonic  acid,  and  at 
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tine  MUDe'time  becomes  yellow  and  turbid  from  the 
Mpention  of  hydrated  peroxide  of  iron.  With 
llTdroehloric  acid  it  strongly  effieryesces.  100  Parts 
flc  this  preparation  correspond  to  about  45  parts  of 
[^  carbonate  of  iron. 


FEREUM  PROTOXIDATUM  LACTICUM. 

Ferri  Laetaa, — Proto-LaettUe  of  Iran, 
FoBMTJUL  :  FeO  ;*-  CeHaOg  +  3H0. 

Preparation, — ^In  making  this  salt  there  are  two 
methods  which  appear  to  me  preferable  to  all  others, 
but  both  of  them  haTe  their  adyantages  and  draw- 
backs. The  first  of  tiiese  is  the  most  simple,  and 
yields  a  Tery  pure  salt,  but  the  product  is  small ; 
the  second  me&od  yields  more,  but  the  process  it 
long^er. 

(a)  By  meant  of  protosulphatB  of  iron  orproiocMo* 
ride  of  iron, — ^Proceed  atl^t,  as  directed  imder  the 
article  Aon>  Laoticitm.  In  100  parts  of  sour  whey, 
6  parts  of  sugar  of  milk  are  dissolved,  the  free  acid 
saturated  with  a  weighed  portion  of  crystallized 
carbonate  of  soda,  the  liquid  placed  in  a  vessel  ex« 
posed  to  the  air  (in  summer  at  the  ordinary  tempe- 
rature, in  winter  near  a  fire),  and  every  1  or  2  days 
the  acid  formed  is  neutralized  with  the  carbonate  of 
soda.  When  several  days  elapse  without  any  acid  re- 
action being  perceptible,  a  few  drops  of  sulphuric  acid 
are  added,  so  that  litmus  paper  is  slightly  reddened, 
the  solution  clarified  with  white  of  egg,  strained  and 
evaporated  in  a  porcelain  dish  until  its  weight  equals 
about  a  fourth  part  of  the  whey  used,  and,  with  con- 
stant stirring,  a  fresh  and  ready  prepared  warm  solu- 
tion of  so  much  protosulphate  of  iron,  in  twice  its 
weight  of  water  added  to  it,  as  is  equivalent  to  the 
soda  required  for  neutralization.  The  dirty  gray 
fiocculent  matter  which  immediately  forms,  toge* 
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ther  with  the  particles  of  caseine  which  separate 
during  evaporation,  are,  after  some  few  minutes 
(during  which  it  must  be  kept  hot),  removed  by 
straining  through  flannel  and  the  clear  liquid 
allowed  to  cool.  The  crystallization  immediately 
commences  and  proceeds  with  rapidity,  so  that  on  the 
following  day  it  forms  almost  a  solid  mass.  The 
salt  is  drained  on  a  linen  cloth,  washed  with  a  little 
cold  water,  and  then  with  a  little  alcohol  (to  remove 
the  water) ;  it  is  now  spread  on  and  covered  with 
several  thicknesses  of  filtering  paper,  and  dried 
at  a  gentle  heat.  The  product  will  be  4  to  5 
parts. 

The  mother  liquor  on  evaporation  yields  from 
i  to  }  part  of  lactate  of  iron,  which  is  however 
contaminated  with  sulphate  of  soda,  and  is  better 
reserved  for  solution  the  next  time,  with  the  sul- 
phate of  iron.  The  mother  liquor  is  now  of  little 
use,  the  most  that  can  be  done  is  to  precipitate  the 
iron  from  it  with  soda. 

Instead  of  sulphate,  chloride  of  iron  may  be 
used;  for  18  parts  of  soda  employed  11  parts  of 
dried  protochloride  of  iron  will  be  necessary ;  the 
process  resembles  the  preceding.  In  this  case  the 
mother  liquor  contains  chloride  of  sodiimi. 

(b)  With  Metallic  Iron — The  clear  solution  of 
lactate  of  soda  prepared  according  to  (a),  and  re- 
duced to  one-fourth  the  quantity  of  the  whey  used, 
is  evaporated  in  a  water  bath  to  the  consistence  of 
an  extract,  (to  about  12^  parts  or  J  the  weight  of 
the  whey  used) ;  the  extract  is  twice  exhausted  with 
alcohol  of  90  per  ct.  in  a  flask,  strained,  pressed, 
and  the  alcoholic  solution  mixed  with  concentrated 
sulphuric  acid  equalling  in  weight  one-third  of  the 
soda  employed ;  it  is  allowed  to  stand  some  hours, 
frequently  shaking,  the  salt  which  separates,  is 
strained  and  the  solution  filtered.  With  the  latter 
is  mixed  (when  100  parts  of  whey  are  used)  40 
parts  of  water,  the  alcohol  distilled  off  to  50  parts 
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zeeidxie,  the  latter  poured  into  a  bottle,  2  parts  of 
powdes^  iron  added  to  it,  the  whole  digested  in  a 
Band  bath,  frequently  shaking,  for  about  3  hours  or 
80  long  as  there  is  any  action  on  the  iron,  and  fil- 
tered whilst  hot.  If  during  the  digestion  there  has 
been  much  evaporation  and  any  separation  of  the 
salt,  it  must,  previously  to  filtration,  be  brought  up 
to  the  original  bulk  with  hot  water.  The  saline  crust 
which  separates  after  several  days  is  removed,  the. 
mother  liquor  evaporated  further,  this  again  re- 
peated, and  the  last,  generally  black,  mother  liquor 
thrown  away.  The  crystaUiae  masses  are  washed 
with  alcohol  and  dried.  Should  the  last  crystalli- 
sation be  much  disccdoured  it  is,  when  dry,  again 
dissolved  in  twelve  times  its  weight  of  boiling  water, 
filtered,  and  crystallized.  From  100  parts  of  whey 
5  to  6  parts  of  salt  are  obtained. 

BeeapUulation, — (a)  For  the  formation  of  lactic 
acid  -^nom  su^  of  mUk  refer  to  the  article  Acid. 
Laoticitm.  When  a  concentrated  solution  of  lactate 
of  soda,  foitaed  by  neutralizing  with  carbonate  of 
soda,  is  mixed  with  ^trotosulphate  of  iron,  the  soda 
combines  with  the  sulphuric  acid,  and  the  protox- 
ide of  iron  with  the  lactic  acid;  on  cooling,  this 
compound  owing  to  its  slight  solubility,  separates, 
the  sulphate  of  soda  remains  dissolved.  On  mixing 
the  two  saUne  solutions,  a  dirty-gray  precipitate  of 
caseous  and  extractive  matter  is  formed,  which  is 
separated  from  the  liquid  most  quickly  by  flannel ; 
if  filtered  through  paper  most  of  the  salt  would 
solidify  on  the  filter.  For  1  at.  of  lactate  of  soda, 
1  at.  of  sulphate  of  iron  will  be  requisite ;  to  deter- 
mine the  quantity  of  sulphate  of  iron  required,  it  is 
only  necessary  to  take  the  quantity  of  carbonate  of 
soda  used  for  neutrallization  as  a  guide ;  for  as  1  at. 
of  carbonate  of  soda  is  equivalent  to  1  at.  of  lactate 
of  soda ;  so  1  at.  of  soda  corresponds  to  1  at.  of  sul- 
phate of  iron.  The  atom  of  crystallized  soda==NaO 
+  CO2+IOHO;  or  its  atomic  weight  is  1790;  the 
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atom  of  protosulphate  of  iron«=FeO  +  SO3  +  7H0  is 
1788 ;  consequently,  without  any  very  great  error 
11  parts  of  crystallized  soda  (generally  required  to 
neutralize  100  parts  of  whey)  may  be  decomposed 
with  1 1  parts  of  protosulphate  of  iron. 

In  using  protochloride  of  iron,  (of  which  the 
formula  being  FeCl  +  2H0,  1018  parts  are  requi- 
site), the  theory  is  exactly  the  same,  chloride  of 
sodium  being  formed  instead  of  sulphate  of  soda. 

The  lactate  of  iron  which  crystallizes  out,  is 
washed  with  a  little  cold  water  to  remove  any 
adhering  sulphate  of  soda  or  chloride  of  sodium, 
and  finaily,  to  cause  it  to  dry  more  quickly,  it  is 
saturated  with  alcohol.  During  the  drying  tiie  salt 
quickly  acquires  a  brown  tint  where  the  air  has  a 
free  action,  consequently  the  particles  should  be 
brought  as  closely  together  as  possible,  and  the 
whole  of  it  covered  with  paper.  The  first  of  the 
mother  liquor  contains  a  considerable  quantity  of 
salt,  but  of  this  only  a  small  portion  is  recoverable, 
as  on  further  evaporation  tiie  sulphate  of  soda 
begins  to  crystallize,  and  from  the  action  of  the 
heat  the  lactate  of  protoxide  is  quickly  converted 
into  uncrystallizable  magnetic  salt.  In  this  change, 
when  the  further  influence  of  the  air  is  prevented, 
peroxide  of  iron  separates  as  a  hydrate. 

20  at.  FeO  + 1,  and  9  at.  O,  form 

2  at.  (FeO  +  L  +  ZFefi^  +  L3).  and  3  at.  FejjOg. 

The  oxygen  required  by  the  latter  3  at.  of  peroxide 
of  iron  is  in  all  probability  derived  from  the  water, 
the  hydrogen  of  which  has  apparently  an  action  on 
the  lactic  acid.  By  boiling  and  evaporating  in  the 
air  the  peroxide  of  iron  does  not  separate ;  hence 
we  may  infer  that  the  product  of  decomposition 
from  the  action  of  the  hydrogen  on  the  lactic  acid 
\m.dergoes  a  still  further  change  with  the  oxygen  of 
the  air,  and  forms  with  the  oxide  of  iron  a  compound 
which  remains  soluble. 


4^  On  exkansting  the  extract,  obtained  by  evrnj^OK^ 
IMj^tite  tolixtion  of  impoxe  Uustateof  sodato  dzyuMty 
«i^  jdo(riboi«  only  the  kMstate  of  soda  is  di88oh«4» 
#»  caMOos  matter  zemaining  bekind.     fVom  tiie 
ilwiiolie  sdatkni  sn^iiTic  add  jnrec^tatea  IIm 
•odaaa  aaJ^iate.    1  iGt  of  orystalliied  carbonate  M 
•ods.  of  an  atomic  wei|^  1790,  (the  base  of  whieh  ia 
i^DUtained  in  1  at.  lactate  soda),  corresponda  to  1  at» 
ertlS  parte  of  ooneentrated  sn^uric  acid,  8o  wa  !#• 
foiieof  ooDC  aulphudcadd  }  tiie  weight  of  ih»  soda 
used.  To  re-obtain  the  alfiohol,  the  sohition  of  laetio 
^HMf  provioos  to  diatiUatUmis  nozedwith  a  modjesate 
^Eoantity  of  irater.  By  diaaol^ing  iron  in  the  residual' 
aeid  hxpaAf  water  ia  decomposed,  the  oxygen  forms 
with  Iron  piotoaide  of  the  latter,  and  hydrogen  la 
e!¥o|fed*    The  quantity  (^  iron  ordered  is  more  thaai 
necosaaiy  to  saturate  all  the  acid  present.     On 
aeoflant  of  ihe  hi|^  state  of  dilution  in  which  tht 
adklexista,  (Imt  which  ia  necessary  for  the  retentum 
of  the  legate  of  iron  in  solution  ey&k  whilst  ha^ 
the  common  iron  filings  are  too  coarse  to  be  uaed* 
^o  obtain  a  good  yield  of  salt  it  is  necessaiy  to  filter 
at  the  'proper  time ;  so  soon  as  no  more  free  lactic 
acid  exists,  and  consequently  no  more  free  hydrogen 
is  eliminated,  the  protoxide  begins  to  pass  over  into 
the  state  of  magnetic  oxide,  the  salt  of  which  is  un- 
crystallizable,  and  remains  as  a  syrup  in  the  last 
liquor ;  .{Vide  gupra). 

Properties. — Froto-lactate  of  iron  when  pure, 
forms  white  crystalline  crusts  or  grains,  haying  a 
tinge  of  green,  and  when  strongly  magnified  ap- 
pearing as  adherent  masses  of  rectangular  prisms, 
dissolTing  with  difficulty  in  water,  and  possessing  a 
mild  sweetish  ferruginous  taste.  1  Part  is  soluble 
in  12  of  boiling  and  48  parts  of  cold  water.  The 
solutions  haye  a  slightly  yellowish-green  colour, 
and  faint  acid  reaction.  The  changes  which  a 
lengthened  action  of  heat  and  air  produce,  haye 
been  explained.    Dilute  alcohol  dissolyes  a  small 
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quantity,  strong  alcohol,  none  of  the  salt.     Heated 
in  a  platina  spoon,  it  froths  up,  gives  out  a  thick 
-white  smoke  of  an  acid  reaction,  and  smelling  like 
burning  cream  of  tartar ;  it  then  becomes  black  and 
finally  leaves  pure  peroxide  of  iron.      The  salt  may 
be  contaminated  with  extractive  and  ccueous  matter; 
in  the  first  place  it  is  of  a  dirty-grey  colour,  and  in 
the  second  yields  a  residue,  on  solution  in  water.    A 
mixture  of  protosulphate  of  iron  and  sugar  of  milk^ 
is  known  by  its  giving  with  an  aqueous  solution  ol 
chloride  of  barium  a  dense  white  precipitate  (sul- 
phate of  baryta),  and  if  the  powder  is  boiled  for  ^ 
of  an  hour  with  nitric  acid  spec.  grav.  1*20  and 
allowed  to  cool,  a  white  granular  crystalline  pre- 
cipitate separates,  which  by  long  standing  continu- 
ally increases,  and  even  with  a  large  quantity  of 
water  only  partially  disappears  again.    This  body  is 
the  acid  of  sugar  of  milk  (mucic  acid=CQH407  + 
HO)  and  is  formed  by  the  oxidizing  action  of  nitric 
acid  on  the  sugar  of  milk  (CijHjoOio)  : 

1  at.  C12H10O10,  and  2  at.  NO5,  form 

2  at.  C6H4O-  +  HO,  and  2  at.  NOj  (which 

is  evolved). 


FERRUM   PROTOXLDATUM    ET    PER. 
OXIDATUM   PHOSPHORICUM. 

Ferri  Phosphas, — Bltte  Phosphate  of  Proto-  and  Per* 

oxide  of  Iron, 

Formula : 
(3FeO  +  P2O5  +  8H0)  +  xCaFe^Og  +  2Vj:i^  +  16H0.) 

Preparation, — 10  Parts  of  freshly  prepared  proto- 
sulphate  of  iron  are  dissolved  in  100  parts  of  water 
and  mixed  with  a  solution  of  13  parts  of  phosphate 
of  soda  in  130  parts  of  water ;  (both  solutions  must 
be  cold) ;  the  supernatant  liquor  is  poured  off  when 
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the  predpitate  has  subsided,  the  latter  washed  with 
cold  water,  thrown  on  a  filter,  drained  on  several 
layers  of  blotting  paper,  and  dried  in  the  open  air 
(if  possible  by  the  sun) ;  the  dry  precipitate  is 
Tabbed  to  powder  and  kept  in  a  cool  place.  The 
jrield  is  about  5  parts. 

JReeapiiulatum. — ^When  solutions  of  ordinary  phos- 
phate of  soda  and  proto-sulphate  of  iron  are  mixed 
together,  a  white  precipitate  is  formed,  which,  so 
long  as  the  proto-sulphate  of  iron  is  in  excess,  is  a 
hydrated  tribasic  phosphate  of  protoxide  of  iron 
•-SFeO  +  FsOs  +  SHO.  This  precipitate  acquires 
almost  directly  after  its  formation  a  bluish- gray 
shade,  which  by  washing  becomes  somewhat  stronger, 
and  exposed  to  the  air  the  precipitate  becomes  as  it 
dries  blue  throughout.  If,  on  the  other  hand,  an  ex- 
eess  of  phosphate  of  soda  is  used,  it  is  not,  under 
similar  circumstances,  of  a  pure  blue  tint  when  dry, 
but  has  a  tinge  of  grey,  or  sometimes  a  greenish-grey 
colour.  In  such  a  precipitate,  we  find  the  proportion 
of  iron  to  phosphoric  acid  is  not  3  to  1,  but  19  to  6,  or 
16  to  5 ;  that  is,  the  iron  predominates.  But  even  the 
precipitate  obtained  by  excess  of  proto-sulphate  of 
iron,  and  equally  careftilly  dried,  will  be  of  a  dirty- 
blue  colour  if  the  supernatant  liquor  is  not  poured 
off  the  precipitate  so  soon  as  it  is  thrown  down. 
This  liquid,  which  contains  protosalt  of  iron,  soon 
begins  to  change,  and  the  proto-phosphate  of  iron 
is  raised  to  a  perphosphate=Fe203  +  P205  +  8HO, 
which  precipitates.  If  the  proto-sulphate  of  iron  is 
old,  and  partially  oxidized,  the  preparation,  even 
with  the  greatest  precaution,  will  be  grayish-green 
instead  of  blue. 

By  following  the  directions  previously  given, 
a  preparation  of  a  beautiful  blue  colour  may  with 
certainty  be  obtained.  Several  experiments  as  to 
the  most  suitable  proportions  for  the  proto-sulphate 
of  iron  and  phosphate  of  soda  have  satisfied  me 
that  2  at.  of  the  former  to  1  at.  of  the  latter  should 
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be  used.     The  precipitate  contains  f  of  the  iron  of 
the  sulphate,  and  ^  of  the  acid  of  &e  soda  salt,  or, 

4  at.  FeO  +  SO3  +  7H0,  and  2  at.  2NaO  +  HO  + 

P2O5  +  24Aq.,  give  about 
1  at.  3FeO  +  P2O5  +  8H0,  as  a  precipitate. 

Consequently,  6950  parts  of  proto-sulphate  of  iron 
require  8984  parts  of  crystallized  phosphate  of  soda. 
The  precipitate  weighs  3150  (or  10  parts  of  proto- 
siilphate  of  iron  yield  4*5  parts  of  precipitate),  rather 
more  than  this  is  generally  obtained,  as  during  the 
drying  in  the  air  a  certain  portion  is  converted  into 
peroxide : 

2  at.  3FeO  +  PgOg  +  8H0,  and  3  at.  O,  give 
1  at.  3Fe203  +  2P2O5+  16H0  ; 

whilst  at  the  same  time  the  blue  colour  of  the  preci- 
pitate is  changed. 

The  quantity  of  persalt  present  is  never  constant, 
it  varies  from  1  in  4  at.,  to  1  in  9  at.  of  proto-phos- 
phate,  without  the  colour  of  the  compound  being 
sensibly  affected. 

When  from  4  at.  of  proto-sulphate  of  iron,  and  2 
at.  of  phosphate  of  soda,  the  compound,  3FeO  + 
P2O5  +  8H0  has  precipitated,  there  remains  in  the 
solution  1  at.  protoxide  of  iron,  4  at.  of  soda,  4  at. 
of  sulphuric  acid,  and  1  at.  phosphoric  acid.  As 
before  stated,  this  becomes  turbid  in  the  air,  from 
oxidation,  and  deposits  FejOg  +  P2O5  +  8H0  ;  as 
1  at.  FeO  yields  only  ^  at.  of  peroxide,  the  precipi- 
tate, when  this  iron  is  thrown  down,  always  contains 
i  at.  of  phosphoric  acid,  besides  the  4  at.  of  soda 
and  sulphuric  acid.  It  requires,  however,  a  great 
length  of  time  for  the  whole  of  the  phosphate  of 
iron  to  deposit,  and  it  is  consequently  better  to 
saturate  the  liquid  with  lime,  and  use  it  for  Glauber's 
salts. 

Properties. — Proto-phosphate  of  iron  thus  prepared, 
is  a  beautiful  lavender-blue,  odourless,  and  tasteless 
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powder.  When  exposed  to  a  moderate  warmth,  it 
instantly  loses  its  blue  colour,  becoming  a  greenish* 
gray ;  more  strongly  heated,  the  water  is  given  oSt, 
the  proto-  is  converted  into  persalt,  and  the  residue 
is  a  grayish-brown.  It  quickly  dissolves  in  hydro- 
chloric acid  to  a  greenish-yellow  colour;  in  the 
solution  ferridcyanide  of  potassiimi  readily  detects 
the  protoxide  of  iron  by  its  blue  precipitate,  and 
sulphocyanide  of  potassium  the  peroxide,  from  its 
bloiod-red  colour.  If  the  hydrochloric  solution  is 
thrown  down  by  excess  of  ammonia,  the  super- 
natant liquid  must  be  colourless ;  a  blue  colour 
would  denote  copper. 


FERRUM  PROTOXIDATUM  SULPHURI- 

CUM. 

Ferri  Su^haa, — Vitriohim  Martia. — Protoaulphate  of 
Iron, — Green  Vitriol, 

.  FoMfULA :  FeO  +  SO,  +  HO  +  6Aq. 

Preparation. — In  a  glass  flask,  or,  on  the  large 
scale,  in  a  leaden  vessel,  are  mixed  6  parts  of  con- 
centrated sulphuric  acid  with  24  parts  of  water, 
and  4  parts  of  pure  iron  turnings  or  filings ;  the 
whole,  frequently  stirred  with  a  porcelain  or  wooden 
spatula,  is  allowed  to  digest  for  one  day ;  the  vessel 
is  now  placed  on  the  fire,  and  heated  as  long  as  any 
gas  is  evolved,  then  filtered,  the  hot  filtrate  mixed 
with  \  part  of  concentrated  sulphuric  acid,  and 
allowed  to  stand  two  days  in  a  cool  spot.  The 
crystals  which  have  formed,  are  freed  from  the 
mother  liquor,  and  spread  out  on  paper  (if  possible 
in  the  sun)  to  dry ;  then  kept  in  a  bottle  or  stone 
jar.  The  solution  yields,  on  concentration,  a  con- 
siderable portion  of  salt,  and  generally  from  the 
above  proportion  of  ingredients,  17  parts  of  proto- 
sulphate  are  obtained. 

Instead  of  pure  sulphuric  acid,  the  residue  from 

D  D  2 
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the  manufacture  of  ether  may  be  economically  used ; 
but  of  course  a  larger  quantity  of  this  is  necessary. 
Generally,  10  parts  of  the  ether  residue  may  be 
considered  equid  to  6  parts  of  concentrated  sulphuric 
acid  ;  but  care  must  always  be  taken  that  after  the 
evolution  of  gas  is  ended,  that  is,  when  all  the  acid 
has  combined  with  the  iron,  the  latter  is  still  in 
excess. 

Becapitulation, — Concentrated  sulphuric  acid  has 
no  action  on  iron  in  the  cold,  but  mixed  with  a  cer- 
tain portion  of  water,  a  lively  effervescence  ensues ; 
the  oxygen  is  separated  from  a  part  of  the  water 
and  unites  with  the  iron,  the  proto-oxide  of  iron 
thus  formed  combines  vtrith  the  sulphuric  acid,  and 
the  hydrogen  escapes : 

1  at.  Fe,  1  at.  SO3,  and  1  at.  HO,  form 
1  at.  FeO  +  SO3,  and  1  at.  H. 

In  order  to  dissolve  350  parts  of  iron,  independ- 
ently of  the  water  necessary  for  its  dilution,  613 
parts  of  monohydrated  sulphuric  acid  are  necessary; 
In  the  proportion  previously  given,  of  6  parts  acid 
and  4  of  iron,  we  have  an  excess  of  the  latter ;  this 
is  rather  advantageous  than  otherwise,  as  it  prevents 
the  solution  of  any  traces  of  copper  that  may  exist 
with  the  iron.  Most  of  the  iron  dissolves  in  the 
cold,  and  it  is  only  towards  the  end  that  the  action 
is  to  be  assisted  by  warming.  Besides  the  excess 
of  iron  (which  after  the  filtration  may  be  washed 
vdth  water,  and  quickly  dried),  there  remains  on  the 
filter  carbonaceous  matter,  and  a  little  silica.  Even 
the  best  iron  contains  a  little  carbon,  which  is  partly 
in  chemical  combination,  and  partly  a  mechanical 
admixture  ;  the  latter  separates  in  black  flakes,  but 
the  former  at  the  moment  of  its  liberation  combines 
with  hydrogen,  and  is  given  off  as  the  highest  car- 
buretted  hydrogen  (Marsh  GasssCHg),  imparting 
to  the  hydrogen  its  unpleasant  odour.  The  quantity 
of  carburetted  hydrogen  which  separates  is  consi- 
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Jerable,  if,  instead  of  pure  sulphuric  acid,  the  ether 
residue  is  employed,  for  the  latter  contains  a  car- 
bonaceous matter  in  solution  (to  this  it  is  indebted 
for  its  brownish  colour),  which,  yielding  up  its 
carbon  to  the  hydrogen,  causes  at  the  same  time  an 
entire  decolorization  of  the  acid.  If  traces  of  phos- 
phorus and  sulphur  are  present,  the  evolved  gases 
are  not  tree  from  phosphuretted  and  sulphuretted 
hydrogen,  and  have  then  a  nauseous  smell.  The 
solution  when  filtered  clear,  and  previous  to  crystal- 
lization, is,  whilst  still  warm,  mixed  with  some 
sulphuric  acid,  which  prevents  its  higher  oxidation; 
the  free  acid  becoming  in  a  certain  degree  a  protect- 
ing cover  to  the  salt. 

Properties, — Pure  proto-sulphate  of  iron  crystal- 
lizes in  bluish-green  oblique  rhombic  prisms,  is 
odourless,  and  possesses  at  first  a  saline,  then  a 
sweetish,  astringent  taste.  At  the  ordinary  tem- 
perature it  requires  scarcely  2  parts  of  water  for  its 
solution,  of  hot  water  still  less  ;  the  solutions  have 
an  acid  reaction.  In  alcohol  it  is  insoluble.  Ex- 
posed to  the  air,  the  crystals  lose  6  at.  of  water,  and 
become  covered  with  a  white  powder=FeO  + SO3 
+  H0,  which,  from  the  absorption  of  oxygen, 
gradually  changes  to  yellow,  loses  another  atom  of 
water,  and  forms  ses qui- sulphate  of  peroxide  of 
iron. 

2  at.  FeO  +  SO3  +  HO,  and  1  at.  O,  form 
1  at.  FegOg  +  2SO3  +  HO  =  (Fe203  +  SO3)  +  (SO3  + 
HO),  and  I  at.  HO. 

Such  a  partially-oxidized  salt  dissolved  in  water 
separates  into  neutral  sulphate  =  Fe203  +  3SO3,  which 
remains  in  solution,  and  into  the  basic  salt  =  2Fe203 
+  3SO3,  8H0,  which  precipitates  as  a  yellowish- 
brown  powder : 

3  at.  Fe203+  2SO3  +  HO,  and  5  at.  HO,  form 

1  at.  Fe^Oa  +  3SO3,  and  1  at.  2Fe203  +  3SO3  +  8H0. 
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excess  of  ammonia.  This  treatment  of  the  proto- 
sulphate  with  nitric  acid,  as  has  been  previously 
related,  is  to  convert  it  into  peroxide,  as  only  the 
latter  is  entirely  precipitated  by  potash.  To  detect 
the  magnesia,  all  the  metals,  and  any  alumina  that 
may  be  present,  are  thrown  down  by  hydrosulphate 
of  ammonia,  and  phosphate  of  soda  added  to  the 
filtrate,  (  Vide  Ammon.  Chloratum)  ;  should  oxalate 
of  anmionia  also  cause  a  precipitate,  lime  is  present, 
and  must  be  removed  previously  to  testing  with 
phosphate  of  soda. 


FERRUM  SULPHURATUM. 

Ferri  Sulphidum, — Sulphuret  of  Iron, 
Formula :  FeS. 

Prtpanttion, — 6  Parts  of  iron  filings  and  4  parts 
of  powdered  sulphur  are  placed  in  a  black  lead 
crucible,  which  must  be  only  half  filled,  in  alternate 
layers  of  sulphur  and  iron,  about  \  of  an  inch  thick, 
taking  care  that  the  latter  is  on  the  top ;  the  crucible 
is  covered,  the  lid  fastened  on  with  a  wire,  and 
excepting  a  small  opening  well  luted  with  clay. 
As  soon  as  this  is  dry,  the  crucible  is  set  on  a  tile  in 
a  good  wind  furnace,  a  gentle  fire  applied  at  first,  but 
when  no  more  fumes  of  sulphur  escape  from  the 
opening  of  the  crucible,  gradually  increased  to  a 
red  heat,  and  continued  for  at  least  half-an-hour  at 
this  temperature.  When  quite  cold,  the  contents  of 
the  crucible  are  powdered,  and  kept  in  a  closed 
vessel  in  a  dry  place.     The  yield  is  about  9  parts. 

Sulphuret  of  iron  is  sometimes  prepared  by  con- 
verting 6  parts  of  iron  filings  and  3^  parts  of  sulphur 
with  water  into  a  paste,  and  evaporating  the  latter 
with  constant  stirring  to  dryness.  This  preparation 
has  a  black  appearance,  and  when  treated  with  acid 
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evolves  a  considerable  quantity  of  gas,  wliicli  is  how- 
ever little  more  than  pure  hydrogen,  as  in  the  above 
process  there  is  formed  on  the  surface  of  each  grain 
of  iron  only  a  thin  crust  of  sulphiiret  of  iron,  whilst 
the  interior  remains  in  the  metallic  state. 

JRecapitulation, — Iron  and  sulphur  combine  at  a 
red  heat  to  simple  sulphuret,  any  excess  of  sulphur 
being  given  off,  and  coming  in  contact  -vvith  the  air, 
ignites,  and  forms  sulphurous  acid3=S02  : 

1  at.  Fe  and  1  at.  S,  form 
1  at.  FeS. 

350  Parts  of  iron  really  require  only  200  parts  of 
sulphiir,  but  an  excess  of  the  latter  is  always 
necessary,  as,  before  the  combination  of  the  two  is 
complete,  a  portion  has  been  volatilized.  Practice 
has  shown  that  there  is  no  better  method  of  prepar- 
ing it  than  by  placing  the  two  ingredients  unmixed 
in  thin  layers  on  each  other.  After  heating,  the 
crucible  must  not  be  opened  imtil  quite  cool,  other- 
wise the  mass  absorbs  oxygen  with  avidity,  becom- 
ing partly  converted  into  protosulphate  of  iron. 

Properties. — Sulphuret  of  iron  thus  prepared  is  a 
heavy  dark-grey  mass,  full  of  blisters,  of  a  partly 
metallic  lustre,  odourless,  and  tasteless.  Kept  in  a 
closed  vessel  it  undergoes  no  change,  on  the  other 
hand,  in  the  air,  especially  if  moist,  it  oxidizes,  and 
acquires  an  inky  taste.  In  dilute  sulphuric  or 
hydrochloric  acid  it  must,  with  a  powerful  evolution 
of  sulphuretted  hydrogen  gas,  gradually  and  almost 
entirely  dissolve  (a  thorough  solution  is  not  to  be 
expected,  on  accoimt  of  the  carbon  in  the  iron), 
and  the  gas  must  be  entirely  absorbed  by  a  solution 
of  acetate  of  lead ;  if  this  is  not  the  case  the  gas 
will  contain  free  hydrogen. 
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FOBMYLUM  CHLORATUM. 

FormifU  Chhridum, — PtreMoride  ofFcrmyl,'^ 

ChUirofarm, 

Fo&mula:  C,HC1s. 

Prtparation, — ^lu  a  copper  or  iron  still  whicli  must 
be  only  half-filled,  there  are  put  50  parts  of  chloride 
of  lime,  100  parts  of  water,  and  3  parts  of  alcohol  of 
90  per  ct. ;  all  are  well  stirred  together,  and  the 
head  luted  on;  with  the  still  is  connected  a  well 
cooled  worm  to  which  is  attached  a  glass  receiver, 
but  not  air  tight,  and  the  still  then  heated.  So 
soon  as  the  &»(  porUon  begins  to  distil  all  the  fire 
la  withdrawn  from  the  furnace,  and  ii  the  distillation 
proceeds  too  rapidly,  the  head  of  tha  still  must  be 
cooled  with  wet  cloths.  When  the  product  ceases 
to  come  orer  in  a  continuous  stream,  the  fire  is  again 
added ;  the  receiTer  is  to  be  withdrawn  as  soon  as 
it  contains  8  parts.  If  the  distillate  reddens  or 
Ideadies  blue  litmus  paper,  which  is  however  not 
generally  the  case,  it  is  treated  with  small  por- 
tions of  hydrate  of  lime  and  poured  into  a  narrow 
high  cylindrical  glass,  and  when  it  has  separated 
into  two  layers  of  Hquid,  the  upper  portion  is 
xemoyed  by  means  of  a  syphon,  or  pipette,  whilst  the 
under  portion  is  treated  with  half  its  weight  of 
powdered  anhydrous  chloride  of  calcium,  and  dis- 
tilled with  a  gentle  heat  to  dryness  ;  the  distillate  to 
be  kept  in  a  well  stopped  bottle  and  cool  place. 
The  yield  vdll  be  2  or  2^  parts. 

Recapitulation, — ^The  chloride  of  lime  consists  of  a 
mixture  of  about  50  per  ct.  hydrate  of  lunesCaO  + 
HO,  22  per  ct.  chloride  of  calcium »  CaCl  and  28  per 
ct.  of  hypochlorite  of  lime:=  CaO  +  CIO ;  which  cor- 
responds to  4  at.  hydrate  of  lime,  1  at.  chloride  of 
calcium  and  1   at.   hypochlorite  of  lime.    These 
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proportions  vary  in  the  commercial  article,  arising 
partly  from  bad  preparation  in  the  first  place,  from 
age,  or  not  having  been  kept  in  well  closed  vessels. 
The  bleaching  properties  of  chloride  of  lime,  and 
consequently  its  value,  depend  on  ;the  hypochlorite 
of  lime  it  contains.  As  in  the  preparation  of  chloride 
of  lime  equal  atoms  of  hypochlorite  of  lime  and 
chloride  of  calcium  are  always  formed  : 

2  at.  CaO  and  2  at.  CI,  form 

1  at.  CaCl  and  1  at.  CaO  +  CIO, 

so,  in  the  fresh  state,  the  chloride  of  lime,  let  its 
bleaching  powers  be  what  they  may,  always  contains 
the  two  chlorides  in  this  proportion.  When  by  long 
exposure  to  the  air  its  bleaching  properties  have 
become  weaker,  the  chloride  of  calcium  will  be 
foimd  to  be  increased  at  the  expense  of  the  hypo- 
chlorite of  lime ;  it  readily  attracts  moisture  from 
the  air  passing  into  a  wet  slimy  mass.  These 
intimations  may  suffice  to  explain  the  chemical 
constitution  of  chloride  of  lime,  and  the  necessity  of 
using  it  only  in  its  most  potent  state,  in  making 
the  present  preparation.  We  will  now  pass  to  its 
action  on  alcohol. 

Anhydrous  alcohol  consists  of  C4H«02.  In  con- 
tact with  chloride  of  lime  and  the  necessary  amount 
of  water,  the  action  that  ensues  is  due  to  iJie  hypo- 
chlorite of  lime ;  the  chloride  of  calcium  is  an  indiffer- 
ent body,  and  the  part  taken  by  the  hydrate  of  lime 
is  only  a  secondary  one,  to  saturate  a  portion  of  the 
products  formed.  iThe  result  teaches,  that  in  ehloro- 
form,  =  C2HCI3,  only  the  fourth  part  of  the  carbon 
contained  in  sdcohol  is  retained ;  from  the  other 
three-fourths  is  formed  formic  acid,  ^  C^HOj ;  and, 
as  the  chloroform  and  formic  acid  have  one  and  the 
same  radical  (CgH),  2  at,  alcohol  form  1  at.  chloro- 
form and  3  at.  formic  acid.  From  the  alcohol  are 
separated  8  at.  of  hydrogen,  which  are  replaced  by 
3  at.  of  chlorine,  and  6  at.  of  oxygen,  yielding 
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chlorofiaiii  and  formie  acid.  The  cblorine,  as  well 
M  tlie  oizygen  required  for  the  oxidation  of  the 
hydrogen,  is  fiimiiuied  by  the  hypochlorite  of  lime^ 
the  bMe  of  'which  at  the  same  time  senres  to  nea« 
tralixe  ih»  formic  acid.  8  Atl  hypochlorite  of  lime 
contain  3  at.  of  lime»  8  at.  of  chlorine,  and  3  at.  of 
azjrgon ;  the  other  10  at.  of  oxygen  yet  wanting  are 
fiinushed  by  6  at.  more  of  hypochlorite  of  lime, 
whii^  are  Ihen  oonverted  into  didoride  of  calcium ; 
the  foiUowiiig  formula  wiU  exphun  this  better  .• — 

2  at.  C^H^Oy  and  8  at.  CaO  +  CIO,  form 
1  at.  CJSCi^  8  at.  CaO  +  QiHOs,  6  at.  CaCl, 
and  8  at.  HO. 

11/H)  Parts  of  anhydrous,  or  1280  parts  of  alcohol 
of  90  per  ct.,  consequentiy  require  7944  parts  of 
pure  hypochlorite  of  lime,  or  28871  parts  of  chlo* 
ride  <xf  lime  of  the  above  composition,  and  form 
1492  parts  of  chloroform ;  or,  1  part  of  alcohol,  90 
per  ct.,  requires  at  least  22  parts  of  chloride  of 
ume,  and  forms  1  part  of  chloroform.  Some  ex*- 
periments  I  have  made  show,  however,  that  when 
to  22  parts  of  chloride  of  lime  only  1  part  of  alco- 
hol is  taken,  a  considerable  quantity  of  chloride  of 
lime  is  lost,  as  from  the  action  of  the  heat  some  of 
tlie  alcohol  volatilizes  unacted  on ;  in  consequence 
of  this,  3  parts  of  alcohol  are  ordered  to  50  parts  of 
chloride  of  lime.  Should  the  mixture  contain  an 
excess  of  hypochlorite  of  lime,  this  has  a  decom- 
posing action  on  the  formiate  of  lime ;  chloride  of 
calcium,  carbonate  of  lime,  free  carbonic  acid,  and 
water,  separate. 

1  at.  CaO  +  C2HO3,  and  1  at.  CaO  +  CIO  form 
1  at.  CaCl,  1  at.  CaO  +  COg,  1  at.  COg,  and 
1  at.  HO. 

The  carbonic  acid  unites  with  the  lime  present  in 
the  mixture  in  the  free  state.  As  regards  the  opera» 
tion  itself: — so  soon  as  the  mixture  is  heated  to. 

fa 
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176**  Fah.,  it  experiences  a  very  violent  reaction, 
the  mass  froths  up,  and  would  certainly  come  over 
if  the  retort  were  more  than  half  filled ;  even  when 
such  is  the  case,  this  is  not  quite  impossible,  and 
consequently  the  fire  must  be  immediately  with- 
drawn, and,  if  necessary,  the  still  head  cooled; 
only  when  the  effervescence  has  subsided,  which  is 
known  by  the  distillate  coming  over  more  slowly 
than  at  first,  may  fire  be  again  applied,  in  order  to 
draw  over  the  remainder  of  the  chloroform.  When 
about  two  and  a  half  times  the  volume  of  the  alco- 
hol employed  has  distilled  over,  the  distillate  will 
contain  aU  the  chloroform,  and  what  now  passes 
into  the  receiver  will  have  a  weak  watery  taste. 
The  distillate  consists  of  two  layers,  the  lower  of 
which  is  the  chloroform,  the  upper  the  water  con- 
taining all  excess  of  alcohol  and  a  trace  of  chloro- 
form. If  several  batches  of  chloroform  are  to  be 
prepared,  this  watery  portion  need  not  be  thrown 
away,  but  reserved  for  the  next  mixture,  to  which 
it  is  then  necessary  to  add  only  2^  parts  of  alcohol, 
instead  of  3  parts.  In  order  to  withdraw  any  traces 
of  water  that  may  adhere  to  the  chloroform,  it  is 
rectified  over  chloride  of  calcium.  The  residue  in 
the  still  may  be  treated  like  that  from  the  manufac- 
ture of  caustic  ammonia,  and  used  for  chloride  of 
calcium. 

Properties. — Pure  chloroform  is  a  transparent, 
heavy  liquid,  of  an  agreeable  ethereal  smell,  and 
somewhat  sweetish  flavour;  its  spec.  grav.  is  1*49, 
it  boils  at  142°  Fah.,  entirely  volatilizes  at  a  gentle 
heat,  has  a  neutral  reaction,  does  not  ignite  when  a 
burning  substance  is  brought  to  it,  but  burns  in  the 
flame  of  a  candle,  the  summit  of  which  has  in  con- 
sequence a  green  tint.  "Water  dissolves  but  a  very 
small  portion  of  it,  sufiicient,  however,  to  acquire 
its  taste  and  smell;  with  alcohol  and  ether  it  is 
mixible  in  every  proportion,  and  these  mixtures 
readily  ignite.     With  a  solution  of  nitrate  of  silver 
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it  causes  no  turbidnees.  Mixed  with  concentrated 
sulphuric  acid,  the  latter  subsides  without  affecting 
its  colour  or  otherwise  changing  it ;  on  the  other 
hand,  chloroform  sikiks  to  the  bottom,  of  a  mixture 
of  equal  parts  sulphuric  acid  and  water.  Potas- 
sium and  hydrate  of  potash  exert  no  action  on  it. 
With  an  alcK>holic  solution  of  potash  it  is  decom- 
posed, in  the  cold  slowly,  but  when  heated  more 
rapidly,  into  formiate  of  potash  and  chloride  of 
potassium: 

1  at.  C2HCI3,  and  4  at.  KO,  form 
1  at.  £0  +  C3HO3,  and  3  at.  KCl. 

From  these  properties  the  purity  of  chloroform  may 
readily  be  judged.  In  testing,  especial  notice  must 
be  taken  of  its  spec.  gray. ;  ^less  than  1*49  it  con- 
tains a  mixture  of  lighter  fluids  (alcohol,  ether,  or 
aldehyde),  and  in  this  case,  on  applying  a  flame  to 
the  vapour,  it  ignites,  and  the  yolume  of  such  .a 
mixture  sensibly  diminishes  when  shaken  with, 
twice  its  bulk  of  pure  water.  If  it  reddens  litmus 
paper,  it  contains  free  hydrochloric  cund,  and  nitrate 
of  silver  causes  in  it  a  white  precipitate  of  chloride 
of  silver  insoluble  in  water  ;  if  free  chlorine  is  pre- 
sent litmus  paper  will  be  bleached  and  a  precipitate 
also  caused  witii  nitrate  of  silver  solution.  If  the 
chloroform  has  an  acid  reaction,  and  nitrate  of  sil- 
ver causes  in  it  no  precipitate,  or  one  soluble  in 
a  quantity  of  water,  acetic  acid  is  present,  owing  to 
the  transformation  of  aldehyde,  with  which  it  was 
contaminated,  in  the  air. 
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FORMYLUM  lODATUM. 

Formyli  lodidum, — Iodide  of  Formyle, — Iodoform, 
Formula  :  C2HI3. 

Preparation, — 2  Parts  of  carbonate  of  potash,  2 
parts  of  iodine,  1  part  of  alcohol  of  90  per  ct.,  and 
6  parts  of  water  are  put  into  a  retort,  the  latter 
placed  in  a  water  bath  after  attaching  a  receiver, 
and  heated  until  its  liquid  contents  are  entirely- 
colourless.  A  sand  bath  may  be  used,  but  in  this 
care  must  be  taken  that  the  temperature  is  not  more 
than  sufficient  to  keep  up  the  most  gentle  evolution  of 
gas ;  the  receiver  must,  during  the  operation,  be  well 
cooled.  When  the  retort  is  quite  cool  its  contents 
are  poured  into  the  receiver,  the  latter  emptied  into 
a  cylindrical  glass,  and  allowed  to  subside ;  the 
mass  of  yellow  scales  are  collected  on  a  filter,  well 
washed  with  water,  and  dried  by  pressing  several 
times  between  filtering  paper.  The  yield  is  about 
17  per  ct.  or  g  the  weight  of  the  iodine  used. 

Recapitulation. — ^The  mutual  action  of  the  car- 
bonate of  potash  (dissolved  in  the  water)  iodine  and 
alcohol  is  very  complicated,  including  several  dis- 
tinct and,  in  themselves,  by  no  means  simple  pro- 
cesses, which,  in  order  to  obtain  a  clear  idea  and 
satisfactory  explanation  as  to  the  small  yield  of 
iodoform  in  proportion  to  the  iodine  employed, 
must  be  considered  separately.  We  have  to  bear 
in  mind  (1st)  the  mutual  action  of  carbonate  of 
potash  and  iodine ;  (2nd)  that  of  iodine  and  alcohol ; 
(3rd)  that  of  carbonate  of  potash,  iodine,  and 
alcohol. 

(1) — Carbonate  of  Potash  and  Iodine, — Iodine  is 
soluble  in  a  considerable  proportion  in  a  solution  of 
carbonate  of  potash ;  but,  at  the  same  time,  there 
is  very  little  or  no  chemical  action,  according  to  the 
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ganenlly  recsiTed  notion ;  diu,  hawByez,  I  hava 
Miiafled  myself  it  an  «iror,  m  U  fimm,  wiiji  erolu- 
tiim  of  oarbonic  acid,  iodide  of  potasidiun  and  iodata 
of  potMh,  just  aa  If  cauatic  potuli  had  been  uted : 
6  at.  K0+  CO.,  and  6  at,  I,  fbnn 
6  at.  KI,  1  at.  KO  + 10„  and  6  at.  CO,. 
Tha  complete  cotiTeruon  of  the  iodine  into  these 
two  aalts  ia,  iiowever,  much  slower  than  with  pure 
pota«h,  wiOi  which  the  combinatioii  is  inetanta- 

(2) — lodmt  and  Alcohol. — We  know  that  tdnctnie 
of  iodine  alwars  contains,  aftiz  long  itanding,  hy- 
diiodic  aoid,  iodic  ether,  and  probably  mtuy  other 
products.  This  decompositioii  occurs  at  a  higher 
tenipflrature  much  more  quickly  and  decidedly,  and 
liie  hydriodio  acid  acts  on  the  carbonate  of  potash, 
Jf  this  is  present,  forming  iodide  of  potastium. 

(S) — CarbaKaia  of  Potash,  lodim,  and  Aleohol. — 
'Fzina  these  three  substances  in  contact  with  eadt 
«ther,  iodoform  results.  Without  taking  into  oon- 
sideration  the  foregoing  processes,  which,  as  ha* 
been  stated,  always  accompany  the  formation  of  the 
iodoform,  it  finally  happens,  that  the  oxygen  front 
6  at.  of  potash  unites  itself  with  1  at.  of  alcohol, 
°>C,H,Oj,  causing  the  formation  of  I  at.  of  formic 
acid  (which  combines  with  another  atom  of  potash) 

■  The  etperimonl*  I  hnvo  miuJe  bib  aa  follow>  -—HI  gr.  of  oep- 
boMta  of  pdUsb,  in  n  or  iodine,  uid  sii  ir.  of  nuar,  nrtsr  Algei- 
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and  4  at.  of  water;  the  5  at.  of  potassium  thus 
liberated,  unite  with  5  at.  of  iodine  to  form  iodide  of 
potassium,  and  the  CgH  of  the  alcohol,  remaining 
after  the  separation  of  the  formic  acid  form  with 
3  at.  iodine  iodoform.  The  carbonic  acid  of  the 
carbonate  of  potash  is  given  off, 

6  at.  KO  +  CO2,  8  at.  I,  and  1  at.  C^H^O^, 

form 
1  at.  KO  +  C2HO3,  5  at.  KI,  1  at.  C2HI3, 

4  at,  HO,  and  6  at.  COj. 

We  find,  that  for  12688  parts  of  iodine  are  required 
5190  parts  of  carbonate  of  potash,  and  575  parts  of 
anhydrous,  or  640  of  alcohol,  of  90  per  ct. ;  and 
the  yield  of  iodoform  should  be  at  least  38  per  ct.  of 
the  weight  of  the  iodine  employed,  if  the  reaction 
was  a  simple  one.  The  other  transformations  must, 
however,  be  taken  into  account,  and  the  alcohol 
also  be  used  in  rather  larger  proportion,  as  part  of 
it  volatilizes  during  the  digestion.  The  considerable 
excess  of  carbonate  of  potash  appears  to  cause  no 
decomposition  or  other  evil  result  to  the  iodoform, 
but  rather  to  promote  its  formation.  The  operation 
can  scarcely  be  performed  in  an  open  fiask,  as  before 
all  the  iodoform  is  formed,  a  portion  volatilizes,  and 
either  condenses  in  the  neck  of  the  retort,  or  passes 
over  with  some  of  the  liquid  into  the  receiver.  If 
the  iodoform  is  not  sufficiently  washed,  iodate  of 
potash  will  remain  mixed  with  it.  On  account  of 
the  ready  volatility  of  the  iodoform,  it  is  better  to 
dry  it  in  the  manner  directed. 

The  liqidd  filtered  from  the  iodoform,  which,  be- 
sides traces  of  this  body,  contains  all  the  iodine  as 
iodate  of  potash  and  iodide  of  potassium,  together 
with  formiate  and  carbonate  of  potash,  may  be  used 
for  making  iodide  of  potassium.  For  this  purpose, 
it  is  evaporated  to  dryness,  the  saline  residue  rubbed 
up  with  gth  its  weight  of  powdered  wood  charcoal 
{vitie  Potassium  Iodatum),  heated  to  redness  for  a 
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short  tbne  in  an  iron  crucible,  digested  with  alcohol, 
flheredy  and  the  aolution  evaporated  to  crystallisa* 
turn.  Bj  thia  means  none  of  the  iodine  is  lost, 
obtained  either  as  iodide  of  potassium,  oi 


beinff  obti 
ioddMxnn. 


JPrqfMffMtf.— lodofonn  fbrms  lemon-yellow  lami- 
nated scales,  which  magnified  appear  more  or  less 
as  siz-sided  plates ;  it  is  soft  to  the  touch,  and  of  an 
aromatio  smell,  like  saffiron,  or  rather,  perhaps,  like 
a  mixture  of  iodine  and  chloroform;  its  taste  is 
similar,  but  becoming  disagreeably  strcmg  of  iodine ; 
it  Tolatilizes  slightly  at  &e  ordinary  temperature, 
at  212^  Fah.  quickly  and  without  deoompositioa 
(oonsequently  it  is  readily  drawn  oyer  with  water), 
noses  at  2i0«  Fah.-248<'  Fah.  to  a  brown  liquiOt 
but  with  partial  decomposition  into  iodine  yapour, 
ioduzetted  hydrogen  and  residual  carbon,  which, 
strongly  heated  in  the  air,  leaves  no  residue.  Water 
shaken  with  iodoform  acquires,  in  a  yery  slight  de- 
gree, its  odour  and  taste,  it  dissolyes  only  j^  part ; 
on  the  other  hand,  1  part  of  iodoform  is  sdGible  in 
80  parts  of  cold,  and  in  12  parts  of  boiling  alcohol, 
of  80  per  ct.,  and  still  more  readily  in  boil^ig  ether. 
The  alcoholic  solution  yaries  from  a  straw  colour  to 
sulphur-yellow,  the  ethereal  is  golden-yellow ;  both 
solutions  have  a  neutral  reaction,  witii  a  sweetish 
ethereal  taste,  but  afterwards  a  continuous  burning 
one  of  iodine.  Aqueous  solution  of  potash,  when 
warm,  has  no  action  on  iodoform,  whilst  an  alco- 
holic solution  quickly  decomposes  it  into  formiate  of 
potash  and  iodide  of  potassium  :— 

1  at.  C2HI3,  and  4  at.  KO,  form 
1  at.  KO  +  C2HO3,  and  3  at.  KI. 
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HYDRARGYRUM   PURUM. 

Pure  Mercury. — Quicksilver, 

Formula:  Hg. 

Purijication, — Of  all  the  methods  which  have 
been  proposed  for  the  purification  of  quicksilver, 
that  by  distillation  is  the  shortest  and  best.  When 
there  is  no  haste,  concentrated  sulphuric  acid  may 
with  advantage  be  used. 

•  (a) — By  distillation. — A  small,  plain  retort,  of 
strong  glass,  is  half  filled  viath  12  parts  of  com- 
mercial quicksilver,  mixed  with  1  part  of  clean  iron 
turnings,  the  retort  is  placed  in  a  deep  iron  pot,  the 
space  between  this  and  the  retort  filled  with  sand, 
the  pot  placed  upon  an  iron  ring,  some  inches  above 
the  surface  of  the  fire,  in  a  furnace  vntii  a  good 
draught.  The  retort  is  inclined  as  much  as  possible, 
and  lengthened  to  6  or  8  inches  with  a  cylinder  of 
visiting  paper,  which  however  must  not  fit  closely 
to  the  beak  of  the  retort,  but  allow  a  small  empty 
space  between  the  glass  and  paper.  A  flask  of 
strong  glass  is  now  filled,  almost  to  the  neck,  with 
water,  and  attached  without  any  luting,  so  that 
about  half  the  paper  cylmder  is  under  water ;  the 
flask  rests  on  a  little  straw,  in  a  vessel  filled  with 
water.  It  requires  no  further  cooling.  The  ac- 
companying drawing  will  better  explain  the  ap- 
paratus : — 

When  all  this  is  arranged,  fire  is  applied,  at  first 
gently,  the  heat  is  then  gradually  increased,  and 
the  draught  assisted  by  a  chimney  of  earthenware 
or  sheet  iron,  placed  on  the  top  of  the  furnace.* 
The  quicksilver  soon  boils,  and  volatilizes  with  a 
gentle  bubbling  ;  the  vapours  condense  in  the  upper 

•  This  is  supposing  that  an  open  charcoal  furniice,  uncon- 
nected with  any  flue,  is  used.  With  ordinary  furnaces  this  is 
obviously  unnecessary. 
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part  of  the  retort  neck,  in  globules,  which  rolling 
down  collect  under  the  water.  When  no  more 
globules  appear  in  the  retort  neck,  the  fire  is  allowed 
to  go  out.  After  cooling,  the  water  is  poured  from 
the  mercury,  the  thin  pellicle  of  oxide  of  iron  and 
oxide  of  mercury,  which  generally  covers  it,  is  re- 
moved by  hydrochloric  acid,  and  then  washed 
several  times  with  pure  water ;  by  gently  warming, 
any  adherent  water  is  driven  off.  To  remove  any 
threads  from  paper  or  other  impurities,  it  is  run 
through  a  cone  of  writing  paper,  having  a  fine  hole, 
made  with  a  pin,  at  the  point ;  it  is  then  kept  in  a 
closed  vessel. 

To  carry  on  the  distillation  readily  and  with 
safety,  not  more  than  three  pounds  of  quicksilver 
should  be  operated  on  at  once.  If  larger  quantities 
are  purified  in  this  manner,  the  second  quantity  is 
poured  on  the  iron  remaining  from  the  first  dis- 
tillation ;  the  same  with  the  third  portion,  and  so 
on. 
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(b) — By  treating  with  concentrated  sulphuric  a.cid,^- 
The  mercury  is  poured  into  a  very  flat  porcelain 
dish,  so  as  to  expose  a  large  surface,  about  its 
volume  of  concentrated  sulphuric  acid  is  then 
poured  on  it,  and,  frequently  agitating  with  a  glass 
rod,  it  is  allowed  to  digest  for  a  week,  at  the  or- 
dinary temperature.  If,  after  this  time,  no  smell  of 
sulphurous  acid  gas  has  been  evolved,  nor  the  acid 
become  turbid,  it  is  poured  off,  the  metal  well 
washed  with  pure  water,  dried  and  filtered  (as 
under  (o) )  through  a  paper  cone.  If  the  acid  has 
become  turbid,  about  an  oimce  of  metal  is  taken  out, 
washed,  and  digested  with  a  fresh  portion  of  acid, 
for  several  days ;  should  it  now  remain  clear  and 
evolve  no  sulphurous  acid,  it  denotes  that  the  metal 
was  thoroughly  purified  by  the  first  operation  ;  it  is 
then  washed,  &c.  If,  however,  the  acid  has  an 
action  on  the  metal,  the  whole  quantity  is  allowed 
to  digest  one  week  longer,  in  contact  with  the  same 
acid,  a  second  test  portion  is  then  withdrawn,  and 
treated  as  the  first. 

There  are  two  other  methods  of  purifying  quick- 
silver, which,  however,  I  cannot  recommend.  The 
first  of  these,  by  agitation  with  a  solution  of  bichlo- 
ride of  mercury f  is  grounded  on  theoretical  pre- 
sumptions, wluch  practice  does  not  substantiate. 
The  bichloride  of  mercury  should  give  up  its  chlo- 
rine to  the  foreign  metals,  rendering  them  soluble, 
and  becoming  reduced  itself  to  the  metallic  state ; 
this  is,  however,  not  the  case,  as  the  bichloride 
combines  with  more  mercury,  forming  calomel,  and, 
by  continued  agitation,  all  the  mercury  is  converted 
into  a  gray  powder.  The  second  method  consists 
in  shaking  with  dilute  nitric  acid,  or  solution  of 
pernitrate  of  mercury,  and  is  imperfect,  as  the 
foreign  metals  can  only  be  entirely  removed  when  a 
portion  of  the  quicksilver  remains  dissolved,  *.«., 
when  a  considerable  excess  of  the  purifier  has  been 
used. 
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.'  Mtw^riitdiUum. — (a)  By  distillatioii  of  the  mer- 
cwrff  ill  the  fbreign  rnetus  are  found  in  the  residue. 
On  account  of  the  great  pressure  which  mercury 
exerts  on  the  sides  of  the  retort,  this  miist  not  be 
chosen  too  thin.  The  use  of  the  iron  turnings  is, 
by  affixrding  a  number  of  poiats,  to  prevent  any 
bumping  during  the  boUing  of  the  mercury.  The 
eylinider  of  paper  which  conducts  the  globules  of 
mercury  directly  into  the  water,  must  not  fit  en- 
iizely  air  tight  on  the  neck  of  the  retort,  otherwise, 
so  soon  as  the  heat  lessens,  the  cold  water  of  the 
zeoeiTer  is  forced,  by  the  atmospheric  pressure^ 
into  contact  with  the  hot  glass,  and  cracks  it.  A 
small  portion  of  quicksilver  vapour  combines, 
during  its  distUlation,  with  the  oxyeen  of  the  air 
in  the  retort,  becoming  what  is  called  Mercuriuc 
predpitatus  per  se,  whilst  a  little  of  the  iron  filings 
aie  earned  over  at  the  same  time,  and  oxidized  also 
at  the  expense  of  the  air  and  water;  these  two  ox- 
ides, form  the  thin  pellicle  on  the  distillate.  Par- 
tides  of  dirt  adhere  to  the  paper,  when  filtered 
through  it. 

(b)  At  the  ordinary  temperature  pure  mercury  is 
not  the  least  acted  on  by  concentrated  sulphuric 
acid,  on  the  other  hand  all  those  metals  which  serve 
for  its  adulteration,  as  lead,  zinc,  tin,  antimony, 
become  oxidized  and  converted  into  sulphates,  giving 
to  the  excess  of  acid  a  turbid  appearance.  The 
oxidation  of  these  metals  takes  place  at  the  cost  of  a 
portion  of  the  sulphuric  acid  which  is  reduced  to 
sulphurous  acid,  and  thus  evolved.  At  first  sight 
we  shoidd  expect  that  the  lead  would  undergo  no 
change,  this  metal  not  being  acted  on  when  con- 
centrated sulphuric  acid  is  poured  over  it ;  there  are 
however  two  conditions  favourable  to  its  oxidation 
to  be  taken  into  consideration ;  in  the  first  place,  the 
lead  amalgamated  with  mercury  is  in  a  very  high 
state  of  division ;  and  secondly,  the  electrical  opposi- 
sition  between  the  sidphuric  acid  and  lead  is  ui- 
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creased  owing  to  the  presence  of  the  mercury,  and 
at  the  same  time  their  combiningpower  is  increased. 
Metals,  as  cadmium  and  bismuth  which  are  remove- 
able  in  the  same  manner,  are  on  account  of  their 
high  price  scarcely  ever  found  as  adulterations  in 
commercial  quicksilver.  Others  which  amalgamate 
with  mercury  as  silver,  gold,  and  platinum,  not  being 
acted  on  by  sulphuric  acid  are  separated  only  by 
distillation. 

Properties, — ^Pure  mercury  is  a  silver- white  fluid 
with  a  tinge  of  grey,  of  a  powerful  lustre,  odourless 
and  tasteless,  of  a  spec.  grav.  13*5.  It  is  slightly 
yolatile  even  at  the  ordinary  temperature;  when 
boiled  it  should  pass  off  without  leaving  a  residue. 
It  is  dissolved  by  nitric  acid  at  the  ordinary  tem- 
perature ;  by  sulphuric  only  when  heated  with 
concentrated  acid;  hydrochloric  acid  neither  dis- 
solves nor  acts  on  it.  Kept  in  closed  vessels  it 
undergoes  no  change,  neither  does  it  in  pure  air. 
When  it  is  exposed  for  any  length  of  time  to  an 
atmosphere  of  sulphuretted  hydrogen,  it  becomes 
covered  with  a  grey  or  black  coating,  which  is  sul- 
phuret  of  mercury.  Its  purity  is  known  by  the 
brightness  of  its  lustre  and  fluidity,  its  leaving  no 
scum  when  poured  from  a  vessel,  and  no  residue  on 
heating  a  small  portion  in  a  retort  to  redness.  If 
there  is  a  residue,  the  retort  is  broken  to  obtain 
it  uncontaminated  with  mercury,  of  which  there 
are  generally  small  portions  adhering  to  the 
neck,  a  portion  of  it  digested  with  hydrochloric 
acid,  the  solution  poured  off  the  insoluble  residue, 
and  treated  with  solution  of  chloride  of  gold; 
should  this  cause  a  grey  or  purple-coloured  turbid- 
ness,  tin  is  present ;  ( Vide  Acid  Muriat.).  The  other 
portion  of  the  residue  is  treated  with  nitric  acid  and 
warmed ;  shoidd  a  white  precipitate  form,  it  doubtless 
arises  from  tin  or  antimony^  or  both,  these  metals 
being  oxidized  but  not  dissolved  by  nitric  acid ; 
shoiUd  the  hydrochloric  acid  have  dissolved  no  tin 
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tlds  will  be  oxide  of  antimony;  to  determine  this  a 
small  portion  of  the  washed  and  dried  precipitate  is 
lieaied  on  charcoal  in  the  outer  flame  of  the  blow- 
jgSpe  I  the  ozideof  antimonyia  dissipated  and  partially 
.condenses  on  the  cool  part  of  the  <marcoal  as  a  white 
mee^ltatey  w)i|Istthe  oxide  of  tin  remains  unaltered. 
If  the  nitric  add  solution  giyes  a  white  precipitate 
with,  sulphate  of  soda  it  denotes  the  presence  cd 
had;  when  the  sulphate  of  lead  is  filtered  o£^  and  the 
U*!  trace,  of  lead  remoTed  by  sulphuretted  hydrogen, 
ahoold;  tiie  clear  solution  neutralized  with  aau 
moaua  giTO.  with  sidphide  of  ammonium  a  idiite 
precfaatate,  wmo  is  present.  Iron  and  copper^  whidi 
can  however  exist  only  in  minute  portions,  may  be 
detected  in  the  nitric  add  solution,  the  first  by  the 
red  colour  it  gires  with  sulphocyanide  of  potasdum, 
(vMfe  FiBKUM.  Chloeat.},  the  second  by  its  blue 
sohition  with  excess  of  ammonia. 


HYDRARGYRUM  BROMATUM. 

Bydrarffyri  Bromidum. — Proto-bromide  of  Mercuiy, 

Formula:  HgjBr. 

Prepar(Uian, — 8  Parts  of  dryproto-nitrate  of  mer- 
cury {vide  Htdraro.  Proto-Nitr.)  are  rubbed  in  a 
porcelain  mortar  with.  16  parts  of  pure  water  and  1 
part  of  nitric  acid,  spec.  gray.  1*2,  then  60  parts  of 
pure  water  gradually  added,  the  whole  warmed  in  a 
glass  flask  until  entirely  dissolved,  filtered  if  neces- 
sary, the  solution  diluted  with  eight  times  its  weight 
of  water,  and  a  solution  of  bromide  of  potassium 
added  as  long  as  it  causes  a  precipitate.  4  Parts  of 
bromide  of  potassium  will  be  requisite.  The  pre- 
cipitate is  collected  on  a  filter  in  a  dark  place, 
thoroughly  washed  (imtil  the  wash  water  has  no 
longer  an  acid  reaction  nor  leaves  a  residue  on 
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evaporation),  dried,  and  kept  in  a  bottle  excluded 
from  the  light.    It  will  weigh  nearly  eight  parts. 

From  perbromide  of  mercury  the  proto-bromide 
may  be  prepared  in  the  dry  way  as  in  making 
calomel;  {Vide  Htdrarq.  Protochlob.).  2j-  Parts 
of  metallic  quicksilver  are  used,  instead  of  3  parts, 
for  4  parts  of  bromide. 

RecapiHUation, — ^To  dissolve  the  proto-nitrate  tho- 
roughly in  a  large  amount  of  water  the  addition  of 
a  certain  amount  of  free  nitric  acid  is  necessary, 
otherwise  it  becomes  partially  decomposed;  (Vide 
Hydbabo.  Pboto-Nitb.)  Bromide  of  potassium 
throws  down  proto-bromide  of  mercury  from  this 
solution,  whilst  the  potassium  acquiring  the  oxygen 
of  the  protoxide  of  mercury  combines  with  the  nitric 
acid ;  the  saltpetre  thus  formed  remaining  dissolved. 

1  at.  HgaO  +  N06+  2H0,  and  1  at.  KBr,  form 
1  at.  HggBr,  1  at.  KO  +  NO5,  and  2  at.  HO. 

3600  Parts  of  protosalt  of  mercury  require  1490 
parts  of  bromide  of  potassium.  The  collecting, 
washing,  and  drying  the  precipitate  must  be  carried 
on  in  a  dark  place,  or,  as  with  all  other  salts  of 
mercury,  it  is  partly  reduced  and  becomes  grey. 

Properties, — Both  the  sublimed  and  precipitated 
proto-bromide  of  mercury  so  much  resemble  their 
analogous  compounds  with  chlorine,  calomel,  that 
what  is  said  of  one  holds  good  for  the  other.  The 
bromide  is  distinguishable  from  the  chloride  by  its 
reaction  with  chromate  of  potash  and  sulphuric  acid. 
On  distilling  the  bromide  with  half  its  weight  of 
chromate  of  potash,  and  rather  more  than  its  weight 
of  concentrated  sulphuric  acid,  a  reddish-brown  gas 
is  evolved,  which  is  pure  bromine,  and  becomes 
colourless  when  shaken  with  caustic  potash  solution. 
The  residue  in  the  retort  consists  of  persidphate 
of  mercury,  sidphate  of  chrome,  and  bisidphate  of 
potash. 


wnJUMOTMUU  IWBItOMATUMt  327 

5  9JL  BgJBtf  4K04-Cr03»  and  20  at.  S0,4-H0» 

xbonDDL 

6  Bt.  E^ -I- SOs,  2  at.  Cr,03 -f  SSOs,  4  at.  KO + 

8O34-HO  +  80,,  16  at.  HO,  aad  3  at.  Br. 

On  agitating  the  distillate  "mih  solution  of  potash, 
hcomate  of  potash  and  brondde  of  potassium  are 
fomed. 

6  at.  EO,  and  6  at.  Br,  form 
1  at.  EO  +  BrO,,  and  5  at.  KBr. 

The  above  test  causes,  "with  chloride  of  mercury,  no 
cnpohition  of  pure  chlovine,  but  chromate  of  chloride 
of  chrome  »2Cr03  -f  CrClp,  which  agitated  with 
Mustic  potash  solution  retains  a  yellow  colour ; 

3  at.HffaCl,  5  at.  KO  +  CrOs,  and  19  at.  SO34- 

CEO,  £orm 
6  at.  HgO  +  803,1  at.  Cr^Os  +  3S0.,  6  at.  (EO  + 

SO3)  +  (HO  +  SO3},  14  at.  HO,  and  1  at.  2 

CSrOa+CrCla. 

Caustic  potash  solution  converts  the  latter  com- 
pound into  chloride  of  potassium  and  yellow 
chromate  of  potash. 

1  at.  2Cr03  +  CrCl3,  and  6  at.  KG,  form 
3  at.  KCl,  and  3  at.  KG  +  CrGa- 


HYDRAKGYRUM  BIBROMATUM. 
Hydrargyri  Perbromidum, — Perbromide  of  Mercury. 

Formula  :  HgBr. 

Preparation, — (a)  With  Bromine, — ^To  1  part  of 
mercury  and  2  or  water,  in  a  porcelain  mortar, 
1  part  of  bromine  in  small  portions  is  gradually 
added,  the  whole  rubbed  together  for  some  time, 
put  into  a  glass  flask,  and  after  the  addition  of  40 
parts  of  water  heated  to  boiling,  filtered  when  all 
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but  a  trifling  grey  residue  is  dissolved,  and  the 
filtrate  still  hot  placed  in  a  cool  spot.  After  standing 
a  day,  the  crystals  are  separated  from  the  mother 
liquor,  the  latter  evaporated,  allowed  to  crystallize, 
again  evaporated,  and  this  repeated  as  long  as  crys- 
tals are  formed.  The  crystals  are  dried  with  a 
very  moderate  warmth,  and  kept  in  a  vessel,  from 
which  light  is  excluded.     The  yield  is  1^  parts. 

(b)  With  Bromide  of  Potassium, — 9  Parts  of  red 
oxide  of  mercury  are  dissolved  in  a  capacious  porce- 
lain dish  with  the  smallest  possible  quantity  of  nitric 
acid  (17  parts  of  an  acid  spec.  grav.  1*20  will  be 
enough,)  the  solution  is  diluted  with  water  to  40 
parts,  a  previously  prepared  solution  of  10  parts  of 
bromide  of  potassium  in  30  parts  of  water  is  added 
to  it,  and  with  constant  stirring  evaporated  to  dry- 
ness ;  towards  the  last  with  a  gentle  heat.  The  dry 
saline  mass,  which  will  weigh  about  24  parts,  is  finely 
powdered  and  digested  for  an  hour  with  four  times 
its  weight  of  alcohol  of  80  per  ct.,  filtered  whilst  hot, 
the  residue  washed  with  some  hot  alcohol,  and  the 
alcoholic  solution  put  in  a  cold  place.  After  one  or 
two  days  the  crystals  which  form  are  separated 
from  the  mother  liquor,  this  is  concentrated,  and  so 
on  as  long  as  crystals  form.  The  salt  when  dried  in 
the  air  will  weigh  about  14  parts. 

Recapitulation, — (o)  Bromine  combines  directly 
with  mercury  ;  but  to  prevent  the  action  from 
being  too  violent  they  are  mixed  gradually.  The 
mercury  on  the  gradual  addition  of  the  bromine 
becomes  converted  (with  evolution  of  heat),  first 
into  a  grey,  (mercury  and  proto-bromide  of  mercury 
=Hg2Br.),  then  into  a  white  powder  which  is  almost 
entirely  perbromide. 

1  at.  Hg,  and  1  at.  Br,  form 
1  at.  Hg.Br. 

1250  Parts  of  mercury  should  require  1000  parts  of 
anhydrous  bromine  ;  rather  more  of  the  latter  than 


fhk  k  lubomtvj,  as,  ham  the  wannth  during  tJia 
cnrnhfaation,  a  portiaii  Tolatilisea,  a  smciU  quantitf 
also  nmaiiui  diaaolYed  in  the  irater  preaent,  and 
doea  not  combine  with  the  mercury.  Hie  loaa  of 
hcomine  would  of  courae  be  more  cooaiderable  if 
ttoeh  water  waa  added  to  the  mercury  at  firat. 
Wlflumt  the  addition  of  any  water,  a  much  larger 
portloa  of  bromine  would  be  lost  by  eyaporation* 
Toward  the  end  of  the  process,  the  pnjduct  ia 
trnsted  with  boiling  water,  partly  to  obtain  it  in 
erystala»  partly  to  aeporate  a  small  quantity  of  mer- 
enry  and  proto-brondde  of  mercury,  which,  in  apite 
of  the  ezeeaa  of  bromine,  is  ahnoet  always  present. 
On  account  of  the  dii&cnlty  with  which  uie  bro- 
nida  dissQlyes,  a  sood  quantity  of  water  is  re« 
quired.  The  crysti3s  must  be  k^  in  a  dark  place, 
or,  Uke  aU  othor  mercurial  preparations,  they  un- 

J  derm  a  partial  reduction. 
V)  Oxide  of  Mercury  readily  dissolyes  in  moder- 
y  dilute  nitric  add,  and  forms  pemitrate  of 
mercury:— 

1  at.  HgO,  and  1  at.  NO5,  form 
1  at.  HgO  +  NOfi. 

1350  Parts  of  oxide  require  675  parts  of  anhydrous 
nitric  acid,  or  2500  parts  of  hydrated,  of  spec.  gray. 
1*20  (containing  27  per  ct.  of  anhydrous).  This 
solution,  in  contact  with  bromide  of  potassium, 
yields  up  the  oxygen  of  the  metallic  oxide  to  the 
potassium,  with  which  the  nitric  acid  forms  nitrate 
of  potash ;  the  mercury  uniting  with  the  bromine. 

1  at.  HKO  +  NO5,  and  1  at.  KBr,  form 
1  at.  KO  +  NOg,  and  1  at.  HgBr. 

1350  Parts  of  oxide  of  mercury  (contained  in  1  at. 
of  nitrate)  require  1490  parts  of  bromide  of  potas- 
sium ;  as  soon  as  they  are  mixed,  the  bromide  of 
mercury,  on  account  of  its  density,  partially^  pre- 
cipitates.    To  render  it  entirely  free  from  nitrate 

ff2 
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of  potash,  it  is  dried,  and  exhaiisted  with  alcohol, 
in  which  the  nitre  is  insoluble. 

Properties, — ^Whichever  way  the  perbromide  of 
mercury  is  prepared,  it  forms  white,  flattened, 
oblique,  rectangular  prisms,  of  a  silvery  lustre, 
odourless,  but  of  a  nauseous  metallic  taste.  It 
melts  when  heated,  and  volatilizes  entirely  to  a 
white  scaly  sublimate.  In  water  it  dissolves  with 
difficulty,  requiring  250  parts  at  the  ordinary  tem- 
perature, and  25  parts  of  boiling  water.  The  cold 
solution  has  no  action  on  litmus  paper;  that  for 
which  hot  water  has  been  used,  gives  a  slightly 
acid  reaction.  At  the  ordinary  temperature,  alco- 
hol of  80  per  ct.  dissolves  i,,  boiling  alcohol  \  of 
its  weight.  Ether  is  a  still  better  solvent.  With 
chromate  of  potash  and  sulphuric  acid  {vide  the 
^evious  article),  a  falsification  with  perchloride  of 
mercury  is  reacfily  detected. 


HYDRARGYRUM  CHLORATUM. 

Hydrargyri  Chloridum, — Proto-chloride  of  Mercury » — 

Calomel, 

Formula  :  HgjCl. 

Preparation, — (a)  By  the  dry  toay. — 4  Parts  of 
bichloride  of  mercury  are  reduced,  in  a  porcelain 
mortar,  with  a  little  spirit  (to  keep  down  flie  dust), 
to  a  fine  powder ;  3  parts  of  metallic  mercury  are 
added  to  it,  and  the  trituration  continued  until  no 
more  mercury  globides  are  visible.  The  gray  mix- 
ture is  put  into  a  flask,  which  it  should  only  \  part 
fill,  the  latter  placed  in  an  iron  dish  containing  a  very 
thin  layer  of  sand,  then  surroimded  with  sand  to 
half  its  depth,  the  whole  put  on  a  ring  furnace,  and 
heat  applied.  For  fear  of  the  glass  cracking,  the 
fire  must  not  be  strong  at  first,  but  gradually  in- 
creased.    As  soon  as  the  sublimate  condenses  on 


^  :'■ 
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ikeimerpftrtof  theflluik,  the  mouth  of  the  latter 
k  omMLj  doted,  to  prevent  loss.  From  time  to 
time  the  covering  is  lemoved,  the  better  to  obeenre 
the  pxooeas,  and  so  soon  as  the  bottom  of  the  flask 
is  emptf,  it  is  ^withdrawn  from  the  sand,  a  wet 
Bpcmge  or  doth  applied,  in  order  to  cnick  it,  and 
1^1101  tfaoroughly  cool  the  glass  fragments  separated 
.from  the  sabmnate,  and  the  latter  kept  in  a  botUe, 
vway  from  the,  light.  The  yield  will  be  nearly  7 
parts, 

(b)  By  the  moitt  way, — 8  Parts  of  dry  proto- 
xutzate  of  mercury  are  rubbed  iu  a  porcelain 
mortar  with  16  parts  of  pure  water,  with  which  1 
part  of  nitric  add,  spec.  gray.  1*2,  has  been  mixed ; 
to  this  about  60  parts  of  water  are  gradually  added, 
the  whole  gently  warmed  in  a  glass  flask  imtil  en- 
tirely dissolyed,  filtered  if  necessary,  the  solution 
diluted  with  eight  times  its  weight  of  water,  and  a 
solution  of  common  salt  added  as  long  as  a  predpi- 
tate  is  formed ;  for  this  nearly  2  parts  of  salt  wQl 
be  requisite.  The  precipitate,  not  exposed  to  the 
light  more  than  necessary,  is  collected  on  a  filter, 
thoroughly  washed  with  pure  water  (until  the 
water  loses  all  acid  reaction,  and  a  portion  of  it 
leaves  no  residue  on  evaporation),  then  dried  with 
a  gentle  heat  and  but  slight  exposure  to  light. 
It  will  weigh  6^  parts. 

Sal  ammoniac  will  not  serve  for  this  predpitation, 
as  (on  account  of  its  tendency  to  form,  with  per- 
chloride  of  mercury,  a  readily-soluble  double  salt) 
it  causes,  even  in  the  cold,  a  partial  decomposition 
of  the  predpitate  (proto-chloride  of  mercury) 
into  perchloride  of  mercury  and  metallic  mer- 
ctiry : 

1  at.  HgjCl,  decomposes  into 
I  at.  HgCl,  and  1  at.  Hg ; 

thus,  not  only  causing  a  loss,  but  also  a  contamina* 
tion  of  the  precipitate  with  findy-divided  mercury. 


332  HTD&ABGYBUM  CHLORATUX. 

Neither  will  hydrochloric  acjd  serve  for  the  precipi- 
tation, as  the  liberated  nitric  acid  converts  a  por- 
tion of  the  precipitate  into  soluble  perchloride  and 
pemitrate  of  mercury : — 

3  at.  HgaCl,  and  4  at.  NO5,  form 

3  at.  HgCl,  3  at.  HgO  +  NOg,  and  1  at.  NO2. 

RecapittUation, — (a)  Perchloride  of  mercury  is 
capable  of  taking  up  another  atom  of  mercury, 
forming,  by  this  means,  an  insoluble  compound, 
calomel : — 

1  at.  HgCl,  and  1  at.  Hg,  give 
1  at.  Hg^Cl. 

1693  Farts  of  chloride  require  1250  parts  of  metal. 
The  trifling  excess  of  quicksilver  contained  in  the 
given  proportions,  4  parts  and  3  parts,  is  not  disad- 
vantageous, being  volatilized  before  the  calomel 
sublimes,  and  is  so  far  iisefiil  as  affording  a  proof 
that  all  the  per-  is  converted  into  proto-chloride  of 
mercury.  The  formation  of  the  proto-chloride  takes 
place  previous  to  the  sublimation,  and  is  known  by 
the  mixture  acquiring  a  lemon-yellow  colour.  The 
sublimation  requires  a  tolerably  strong  and  con- 
tinued heat,  and  with  ordinary  precaution  is  vrithout 
danger. 

(6)  Proto-nitrate  of  mercury  and  chloride  of 
sodium  change  elements  when  tiieir  aqueous  solu- 
tions come  together,  proto-chloride  of  mercury  pre- 
cipitates, and  nitrate  of  soda  remains  dissolved : — 

1  at.  Hg20  +  N05  +  2HO,  and  1  at.  NaCl,  form 
1  at.  HggCl,  1  at.  NaO  +  NOg,  and  2  at.  HO. 

3600  Parts  of  crystallized  proto-nitrate  of  mercury 
require  733  parts  of  chloride  of  sodium ;  of  the 
commercial  common  salt  (and  this  equally  answers 
the  purpose)  rather  more  vrill  be  requisite,  on  ac- 
count of  the  moisture  and  impurities  it  contains. 
The  presence  of  free  nitric  acid  is  necessary,  to  pre- 
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vent  the  composition  of  the  nitrate  of  mercury 
&om  becoming  changed  when  dissolved  in  a  large 
amount  of  water ;  for  this  purpose^  1  part  of  acid 
to  8  parts  of  salt  suffices.  The  change  which  pure 
water  occasions  in  this  salt  is  further  treated  of 
under  the  article  Hydrakg.  Pbotox.  Nithicum. 

Properties, — Sublimed  calomel  appears  as  a  crys- 
talline crust,  consisting  of  four-sided  prisms,  of  a 
white  colour,  with  a  tinge  of  yellow,  which,  on 
scratching  or  rubbing,  acquire  a  pale  yellow 
colour;  the  precipitate  is  a  perfectly  white  amor- 
phous powder.  It  is  odourless  and  tasteless ; 
heated,  it  becomes  yellow,  and  volatilizes  without 
fusing,  forming  white  fumes  ;  by  repeated  sublima- 
tions, it  is  partially  decomposed  into  perchloride  of 
and  metaUic  mercury.  Exposed  to  the  light,  it 
undergoes  a  similar  decomposition,  and  acqiures  a 
gray  colour ;  by  a  protracted  action  of  the  light, 
the  perchloride  decomposes,  chlorine  is  evolved,  and 
the  mercury  with  which  it  was  combined  remains 
as  a  gray  powder.  Cold  water  does  not  dissolve  a 
trace  of  calomel;  hot  water  decomposes  it  (but 
only  in  a  slight  degree),  into  soluble  chloride  and 
metal ;  the  water  when  filtered  giving,  with  sid- 
phide  of  ammonium,  a  black  precipitate.  Alcohol 
behaves  like  water,  but  exerts  a  still  greater  decom- 
posing action  at  its  boiling  point.  Boiled  for  some 
time  with  hydrochloric  acid  calomel  dissolves,  hy- 
drogen being  evolved,  and  perchloride  of  mercury 
formed :  - 

1  at.  IIg2Cl,  and  1  at.  HCl,  form 

2  at.  HgCl,  and  1  at.  H. 

"When  boiled  with  nitric  acid  also,  it  entirely  dis- 
solves, nitric  oxide  is  evolved,  and  forms,  in  the 
air,  hyponitric  acid.  Calomel  of  a  gray  colour  con- 
tains free  mercury.  If  cold  water  which  has  been 
agitated  with  it  some  time  gives,  with  sulphide  of 
ammonium,  a  black  precipitate,  it  is  not  free  from 
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eorrotive  sublimate  (perchloride),  which  is  probably- 
owing  to  the  percMoride  and  mercury  not  being 
sufficiently  weU  mixed  previous  to  their  sublima- 
tion. In  testing  calomel  for  corrosive  sublimate,  it 
must  not,  for  reasons  previously  given,  be  treated 
with  boiling  water.  There  is  no  advantage  in  re- 
placing the  water  by  alcohol  or  ether,  and  solution 
of  sal  ammoniac  is  inadmissible. 


HYDRARGYRUM  BICHLORATUM. 

Hydrargyri  Perchloridum, — Perchioride  of  Mercury, 
—  Corrosive  Sublimate, 

Foemttla:  HgCl. 

Preparation. — (a)  By  the  dry  way, — Mix  2  parts 
of  dry  neutral  persulphate  of  mercury  in  a  porce- 
lain mortar,  intimately  vdth  1  part  of  powdered  and 
well-dried  common  salt ;  shake  the  mixture  into  a 
glass  flask,  which  shoidd  only  be  one-fourth  part 
filled,  and  sublime  as  for  Htdbarq.  Chloratum. 
Hie  heat  in  this  case  need  not  be  so  great  as 
with  calomel,  otherwise  a  considerable  portion  of 
the  sublimed  salt  would  fuse,  and  fall  back  again ; 
thus  rather  retard  than  facilitate  the  process.  When 
no  more  white  stellated  groups  of  crystals  appear 
on  the  surface  of  the  powder  at  the  bottom  of  the 
flask,  the  latter  is  withdrawn  from  the  sand,  cracked 
by  touching  vdth  a  wet  sponge,  and  when  cold  the 
sublimate  in  the  upper  portion  of  the  flask  is  sepa- 
rated from  the  glass,  and  kept  in  vessels  excluded 
from  light.     The  yield  is  1 J  parts. 

(b)  By  the  moist  way, — At  the  present  low  price 
of  hydrochloric  and  nitric  acids,  perchioride  of 
mercury  may  also  be  advantageously  prepared  in 
the  following  manner: — 6  Parts  of  mercury,  14 
parts  of  hydrochloric  acid,  spec.  grav.  1'130,  and  7 
parts  of  nitric  acid,  spec.  grav.  1*20  (the  acids  need 
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not  be  ehflwiiciJly  pme,  but  dicwld  thfly  contain  rolr 
pfaimio  add,  a  little  oomnum  salt  must  be  added)  axe 
sized  in  a  plain  zetort,  the  latter  ia  plaoed  in  a  sand 
beth,  a  reoei?er  attached  without  luting*  and  kept 
eool,  -whilst  tiie  distillation  is  earned  on  to  dryness. 
"Wbea  no  more  moisture  forms  in  the  neck  of  the 
xetorty  the  reeeiTer  is  exchanged  for  a  dry  one,  the 
retort  is  buried  as  deeply  as  possible  in  the  sand, 
and  the  heat  continued  until  tiie  salt  is  driven  to 
the  jxpper  portion,  and  into  the  neck  of  it.  The 
retort  is  th^  withdrawn  from  the  sand,  a  wet  doth 
i^ipUed  to  the  bottom,  when  cold  the  contents  sepap 
rated  from  tiiie  glass,  and  the  product,  which  will 
.be  about  8  parts,  krot  in  a  bottle  exduded  from  the 
light. 

S^etgniuhHon. — (a)  Persulphate  of  mercury  and 
ehkride  of  sodium  when  heated  together  exchange 
elements,  the  oin^gen  of  the  oxide  of  mercury 
passes  to  the  somum,  and  the  soda  thus  formed 
combines  with  tiie  sulfuric  add ;  the  mercury  and 
dilorine  unite  and  -volatilize,  whilst  sulphate  of  sod* 
remains  behind  :^- 

1  at.  HgO  +  SO3,  and  1  at.  NaCl,  form 
1  at.  HgCl,  and  1  at.  NaO  +  SO3. 

1850  Farts  of  persulphate  of  mercury  reqxiire  only 
733  parts  of  common  salt,  rather  more  than  this  is 
contained  in  the  aboye  proportion,  2  parts  and  1 
part.  Common  salt,  as  found  in  commerce,  is  not 
quite  pure,  and  at  its  low  price  the  loss  from  a  slight 
excess  is  -very  trifling,  whilst  this  insures  the  more 
perfect  decomposition  of  the  persulphate  of  mercury, 
which  is  especially  dependent  on  the  intimate  admix- 
ture of  the  salts,  but  there  is  no  necessity,  as  is 
generally  stated,  to  take  equal  portions  of  each. 
In  separating  the  sublimate  from  the  glass,  care 
must  be  taken  that  it  is  not  contaminated  by  the 
sulphate  of  soda  at  the  bottom ;  this,  on  account  of 
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a  trace  of  sublimate  it  may  contain,  must  be  thrown 
away. 

(b)  Hydrochloric  acid  has  no  action  on  mercury, 
either  cold  or  hot;  but  when  nitric  acid  also  is 
present,  aqua  regia  forms,*  and  the  metal  soon  dis- 
solves entirely,  forming  per-chloride  of  mercury, 
water,  and  nitric  oxide,  which  forms,  in  the  air, 
brown  yapours  of  hyponitric  acid,  =N04: — 

3  at.  Hg,  3  at.  HCl,  and  1  at.  NO5,  form 
3  at.  HgCl,  3  at.  HO,  and  1  at.  NOg. 

3760  Parts  of  merciiry  require  1365  parts  of  an- 
hydrous, or  5250  of  hydrochloric  acid  of  spec, 
gray.  1*130  (containing  26  per  ct.  of  anhydrous), 
and  675  parts  of  anhydrous  nitric  acid,  or  2500 
parts,  haying  a  spec.  gray.  1*20  (  =  27  per  ct.  an- 
hydrous acid).  In  the  proportions  previously  given, 
the  acids  are  in  excess  of  this,  but  the  loss  that 
occurs  during  the  solution  renders  it  necessary. 
When  most  of  the  liquid  has  passed  over,  and  the 
residue  acquires  a  syrupy  consistence,  the  fire  must 
be  slackened  for  a  time,  otherwise  it  causes  a  spurt- 
ing of  the  contents.  By  sublimation  the  prepara- 
tion is  obtained  quite  free  from  all  the  impurities, 
which  remain  behind.  The  common  salt,  that  is 
added  to  retain  the  sulphuric  acid,  becomes  con- 
verted into  sulphate  of  soda;  {Vide  Acid.  Muriat.). 
Properties, — Bichloride  of  mercury  forms  a  snow- 
white  crystalline  mass,  consisting  of  rhombic  prisms 
heaped  together ;  rubbed  up  it  forms  a  white  pow- 
der,   is    odourless,    but    possesses    an     extremely 

♦  When  nitric  and  hydrochloric  acids  are  mixed  they  mu- 
tually decompose  into  mtric  oxide,  chlorine,  and  water : 

S  at.  CIH,  and  1  at.  NO^,  form 
1  at.  mo.^  3  at.  CI,  and  8  at.  HO. 

More  correctly  speaking,  the  nitric  oxide  at  the  moment  of  its 
liberation  combines  with  1  or  2  at.  of  chlorine,  leavinc  only  8  or 
1  at.  chlorine  free ;  this  NOa  01  or  NOa  01 2.  on  comingin  contact 
with  a  metal,  again  separates,  giving  up  its  chlorine,  oc. 
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nauseous  metallic  taste  ;  heated  it  fuses,  Tolatilizing 
readily  and  completely.  In  water,  ether,  and  alco- 
hol, it  must  be  entirely  soluble.  1  Part  of  the  salt 
dissolves  in  16  parts  of  cold  and  3  parts  of  boiling 
water,  2^  parts  of  cold  alcohol,  and  3  parts  of 
ether ;  all  of  which  solutions  have  an  acid  reaction. 
In  the  light  it  becomes  reduced,  first  to  proto-chlo- 
ride,  and  finally  to  the  metallic  state  ;  this  change, 
however,  makes  but  little  difference  to  its  weight. 
If,  on  treating  with  water,  there  is  a  white  residue, 
blackened  by  solution  of  potash,  calomel  is  present. 
The  potash  abstracts  the  chlorine  from  the  calomel, 
and,  giving  up  its  own  oxygen  to  the  mercury, 
forms  black  protoxide  : — 

1  at.  KO,  and  1  at.  HggCl,  form 
1  at.  HggO,  and  1  at.  KCl. 

The  commercial  article  sometimes  contains  red 
spots,  which  consist  of  peroxide  of  iron. 


HYDRARGYRUM  BICHLORATUM 
AMMONIATUM. 

Hydrargyri  Ammonio-Chloridum, — Ammonia  Chloride 
of  Mercury. —  White  Precipitate, 

Formula  of  that  thrown  down  by  Ammonia  : 
HgCl  +  NH^Hg. 

Formula  of  that  thrown  down  by  Carbonate 

OF  Soda  : 
HgCl  +  NHaHg  +  2II0.  * 

Preparation, — (a)    With  ammo^iia. — 1  Part  of  per- 
chloride  of   merciu-y  is  dissolved  in   30    parts   of 

*  The  composition  of  this  precipitate  is  variously  given ;  the 
above  formula  corresponds  with  the  result  of  my  analysis.  I 
obtained  7300  mercury,  1380  chlorine,  6"90  ammonia,  and  6*20 
water. 

G  G 
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pure  water,  in  an  earthen  dish  (if  hot  water  hat 
been  used,  the  solution  must  be  allowed  to  cool 
perfectly),  and  caustic  solution  of  ammonia  added 
so  long  as  a  precipitate  is  caused.  1^  Parts  of 
ammoniacal  solution,  spec.  gray.  0*960,  effect  this 
entirely.  After  standing  24  hours,  the  super- 
natant saline  liquor  is  poured  off,  the  precipitate 
thrown  on  a  filter,  without  further  washing,  dried 
at  a  gentle  heat,  and  kept  in  bottles  not  exposed  to 
the  light.  The  weight  is  that  of  the  corrosiye  sub- 
limate used. 

(b)  With  Carbonate  of  Soda, — Several  pharmaco- 
IKBias  direct  this  preparation  to  be  precipitated  with 
fixed  alkaline  carbonates.  K  this  melfiod  is  em- 
ployed the  process  is  as  follows  ;  4  parts  of  perchlo- 
ride  of  mercury,  and  1  part  of  sal  ammoniac  are 
dissolved  at  the  ordinary  temperature  in  an  earthen 
dish  with  120  parts  of  pure  water,  a  solution  of 
carbonate  of  soda  is  to  be  added  as  long  as  it  causes 
a  precipitate,  but  any  considerable  excess  must  be 
carefully  avoided.  From  5^  to  6  parts  of  crystal- 
lized carbonate  of  soda  will  be  sufficient.  The  super- 
natant liquid  is  decanted,  the  precipitate  allowed 
to  subside,  freed  as  much  as  possible  from  the 
adhering  saline  solution,  by  treating  once  or  twice 
with  pure  water,  thrown  on  a  filter  and  dried 
with  a  gentle  heat.  The  product  nearly  equals  the 
weight  of  the  perchloride  of  mercury  employed. 

Of  course  carbonate  of  potash  may  be  used  as 
well  as  carbonate  of  soda,  but  that  obtained  from 
potashes  is  objectionable  as  always  containing 
silica,  whilst  it  is  too  expensive  when  prepared  from 
cream  of  tartar. 

Eecapitulation. — (a)  When  solution  of  ammonia  is 
added  to  a  solution  of  perchloride  of  mercury,  the 
chlorine  of  one-half  of  tiie  latter  unites  with  ammo- 
nium, formed  by  1  at.  of  ammonia  NH3,  abstracting 
1  at.  of  hydrogen  from  a  second  atom  of  ammonia  to 
ammonium =XH4;    the   liberated  mercury  imites 
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witii  the  atom  of  KH^y  to  whicli  the  name  of  ami- 
doaesi  haa  been  giTen. 

The  chloride  of  ammomnTn  formed,  remaina  in 
Bolntion,  and  the  amide  of  mercury  combineB  ndth 
the  imdeoomposed  perchloride  of  mercury  to  fionn 
the  white  precipitate. 

2  at.  HgCl,  and  2  at.  NH3,  form 

1  at.  NHaGI.  and  1  at.  HgCl+NHaHg. 

3886  Parts  of  perchloride  of  mercury  require  426 
parts  of  anhydrous  ammonia  or  4260  parts  of  spec. 
gpiT.  0*960  (» 10  per  ct.  of  anhydrous).  The  solu- 
tion must  not  be  warm,  otherwise  the  precipitate 
will  be  partially  decomposed  and  yellow,  from  1  at. 
of  the  precipitate  with  2  at.  of  water  forming  sal 
aomioniao  and  peroxide  of  mercury,  whichcombming 
with  the  second  atom  of  the  precipitate  is  the 
yellow  substance : 

2  at.  HgCl  +  NHsHg,  and  2  at.  HO,  form 

1  at.  NH4CI,  and  1  at.  (HgCa  +  NH^} -I- 2HgO. 

Continued  washing  catises  a  similar  decomposition 
and  is  hence  to  be  ayoided  as  much  as  possible  ;  the 
greater  part  of  the  sal  ammoniac  formed,  remains  in 
Qie  solution,  but  if  the  precipitate  is  not  washed  it 
will  also  contain  a  small  portion,  the  quantity  is 
howeyer  extremely  trifling  and,  as  it  does  not  in 
the  least  interfere  with  its  properties,  is  very  prefer- 
able to  the  chemical  change  the  preparation  imder- 
goes  from  the  action  of  water. 

(b)  The  perchloride  of  mercury  which  alone  is 
slightly  soluble  in  water,  is  taken  up  in  considerable 
quantities  when  sal  ammoniac  is  present,  owing  to 
the  formation  of  double  salts ;  of  tl)ise  two  exist, 
the  first,  consisting  of  equal  atoms  of  perchloride  of 
mercury  and  sal  ammoniac,  has  long  been  known 
under  the  name  of  Alembroth  salt ;  the  other 
which  consists  of  2  atoms  of  perchloride  of  mercury 
combined  with  1  at.  of  sal  ammoniac  is  interesting  in 
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the  present  case,  as  the  salt  from  which  the  white 
precipitate  is  formed  by  alkaline  carbonates. 

When  a  solution  of  this  double  salt  (NH4CI  + 
2HgCl)  is  mixed  with  a  solution  of  carbonate  of  soda, 
the  carbonic  acid  is  liberated  from  2  at.  of  the  latter, 
the  oxygen  of  the  2  at.  of  soda  forms  water  with 
2  at.  of  hydrogen  of  the  ammonium,  and  the  reduced 
sodiimi  imites  with  the  chlorine  of  the  sal  ammoniac 
and  one  atom  of  corrosive  sublimate  to  form  chlo- 
ride of  sodium ;  the  mercury  thus  liberat<?d  com- 
bines with  the  amidogen  NH2,  and  this  compotmd 
combined  with  the  other  atom  of  perchloride  pre- 
cipitates with  2  atoms  of  water. 

1  at.  NH4CI,  2  at.  HgCl,  and  2  at.  NaO  +  CO2, 

form 

2  at.  NaCl,  2  at.  CO^,  and  1  at.  HgCl  +  NHjHg 

+  2H0. 
3386  Parts  of  perchloride  of  mercury  and  668  parts 
of  sal  ammoniac  require  3590  parts  of  crystallized 
carbonate  of  soda.  The  precipitate  is  a  hydrate  of 
the  compound  obtained  by  precipitation  with  am- 
monia. It  may  also  be  considered  as  a  compound  of 
1  at.  of  chloride  of  ammonium  and  2  at.  of  peroxide 
of  mercury =NH4C1  +  2HgO,  but  the  above  formula 
corresponds  better  with  the  other  preparation.  An 
excess  of  the  precipitant  must  be  avoided  as  much 
as  possible,  from  its  readily  decomposing  the  white 
precipitate,  and  producing  the  same  yellow  body  as 
is  caused  by  continued  washing  or  boiling,  (vide 
supra)  chloride  of  sodium  and  carbonate  of  ammonia 
being  formed. 

2  at.  HgCl  +  NHgHg  +  2H0,  and  1  at.  NaO  + 

C02,iorm 
1  at.  NaClTl  at.  NH4O  +  COg,  and  1  at.  (HgCl 

+  NH2Hg)  +  2HgO. 

The  carbonate    of  soda    ordered, — ^viz.   6   parts 
to    4   of   perchloride  of   mercury,  —  is  in    excess 
'ing  to   calculation,  but  is  requisite  on  ac* 


^^mrdin, 
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count  of  the  formation  of  a  portion  of  bicarbonate 
of  soda ;  the  carbonic  acid  liberated  from  2  at.  of 
carbonate  of  soda  is  not  instantly  given  off,  but 
remains  partially  dissolved  in  the  supernatant  liquid, 
and  partly  combined  with  another  portion  of  the 
carbonate  of  soda.  In  order  to  prevent  the  bicarbo- 
nate of  soda  having  a  decomposing  action  on  the 
precipitate,  the  quantity  of  sal  ammoniac  is  in- 
creased, causing  the  formation  of  bicarbonate  of 
ammonia  and  chloride  of  sodium,  which  are  by  no 
means  detrimental. 

In  order  to  remove  the  common  salt  formed  during 
the  precipitation,  it  is  necessary  to  treat  it  a  few 
times  with  fresh  water,  although  this  not  only  causes 
a  trifling  decomposition,  but  also  a  loss.  If ,  as  in 
the  precipitation  by  ammonia,  it  is  not  washed 
previous  to  drying,  the  salt  will  not  answer  one  of 
its  characteristic  properties,  viz.  entire  volatilization 
on  heating,  owing  to  the  presence  of  the  chloride  of 
sodium. 

Properties, — White  precipitate  prepared  by  either 
method  forms  when  dry  a  snow-white  mass,  which 
is  odourless,  but  possesses  a  nauseous  metallic  taste. 
That  thrown  down  with  ammonia  entirely  volatilizes 
when  heated,  without  fuaingy  and  forms  ammonia, 
nitrogen,  and  calomel : — 

3  at.  HgCl  +  NHjHg,  form 

3  at.  HgjCl,  2  at.  NH3,  and  1  at.  X. 

The  other  precipitate  when  heated/tM^  to  a  yellow 
liquid,  and  then  volatilizes  ;  the  products  of  oecom- 
position,  excepting  the  water,  are  similar.  Water 
takes  up  about  ^  part  of  white  precipitate  ;  hydro- 
chloric and  nitric  acids  dissolve  it  readily.  Fixed 
alkalies  and  alkaline  earths  cause  the  evolution  of 
half  its  ammonia  and  colour  it  yellow. 


Q.  G*l 


342         HTDRABOY&UM  CTAMATUM. 

HYDRARGYRUM   CYANATUM. 

Hydrargyri  Cyanidum, — Cyanide  of  Mercury, 
Formula  :  Hg  +  C2N=HgCy. 

Preparation. — 2  Parts  of  crystallized  ferrocyanide 
of  potassium  are  dissolved  in  16  parts  of  water,  the 
solution  poured  into  a  glass  flask,  and  3  parts  of  dry 
persulphate  of  mercury  added,  the  whole  boiled  in  a 
sand  bath  for  half-an-hour,  filtered,  and  with  con- 
stant stirring,  evaporated  to  dryness.  The  dry  saline 
mass  is  finely  powdered,  digested  with  eight  times 
its  weight  of  alcohol  of  80  per  ct.  for  some  hours, 
filtered  whilst  hot,  the  residue  washed  on  the  filter 
with  hot  alcohol,  and  the  solution  put  in  a  cool 
place.  After  remaining  quiet  for  some  days,  the 
crystals  are  separated  from  the  mother  liquor,  the 
latter  evaporated  to  dryness,  the  crystalline  mass 
dried  with  a  gentle  heat  and  kept  in  a  bottle 
excluded  from  the  light.  The  product  will  be 
about  2  parts  of  salt. 

Cyanide  of  mercury  is  generally  made  by  digesting 
2  parts  of  peroxide  of  mercury  and  1  part  of  pure 
Prussian  blue  with  16  parts  of  water,  filtering,  and 
crystallizing.  A  basic  salt  is  always  formed  in  this 
process,  which  leaves  even  after  crystallizing  re- 
peatedly a  brown  insoluble  residue,  and  is  never  free 
from  an  alkaline  reaction.  When  this  method  is 
followed,  it  is  better  after  separating  the  magnetic 
oxide  of  iron,  to  supersaturate  the  solution  with 
hydrocyanic  acid  (very  little  will  be  sufficient), 
filter,  and  then  evaporate  to  crystallization.  The 
produce  will  be  rather  more  than  2  parts. 

Recapitulation, — Onbringing  together  ferrocyanide 
of  potassium  =  2KCy  +  FeCy  +  3H0,  and  persul- 
phate of  mercury^HgO  +  SOg,  the  oxygen  of  the 
oxide  of  mercury  forms  with  the  potassium,  potash ; 
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this  again  combines  with  the  sulphuric  acid  to 
neutral  sulphate  of  potash ;  the  mercury  and  cyano- 
gen unite,  and  in  combination  with  cyanide  of  iron 
form  an  insoluble  precipitate. : — 

1  at.  2KCy  +  FeCy  +  3H0,  and  2  at  HgO 

+  SO3,  form 

2  at.  KO  +  SO3,  1  at  2HgCy  +  FeCy,  and  3  at. 

HO. 

2642  Farts  of  crystallized  ferrocyanide  of  potassium 
require  3700  parts  of  persulphate  of  mercury.  The 
precipitate  which  forms,  separates  even  at  the 
ordinary  temperature,  and  still  more  quickly  by 
boiling,  into  soluble  cyanide  of  mercury  and  insolu- 
ble protocyanide  of  iron :  the  latter  is  really  a  white 
precipitate,  but  owing  to  its  great  aflBaiity  for  oxygen, 
attracts  it  from  the  air,  becoming  partly  converted 
into  Prussian  blue  (proto-  and  percyanide  of  iron) 
and  (hydrated)  oxide  of  iron ;  being  according  to 
the  extent  of  its  change  of  green  or  bluish  colour : — 

9  at.  FeCy,  and  3  at.  O,  form 

1  at.  3FeCy+  2Fe3Cy3,  and  1  at.  Fe203. 

To  separate  the  cyanide  of  mercuiy,  still  in  solu- 
tion, from  the  sulphate  of  potash,  the  filtrate  must 
be  evaporated  to  dryness  and  exhausted  with  alcohol, 
which  leaves  the  sulphate  of  potash  undissolved. 

On  digesting  Prussian  blue  with  peroxide  of 
mercury  and  water,  the  cyanogen  combines  with  the 
mercury,  and  the  iron  forms,  with  the  oxygen, 
blackish-brown  flakes  : — 

)  at.  3FeCy  +  ^Yefij^  +  9H0,  and  9  at. 

HgO,  form 
9  at.  HgCy,  3  at.  FeO  +  HO,  and  2  at. 

Fe,03  +  3II0. 

6388  Parts  of  \)utc  Prussian  blue  require  12150 
parts  of  peroxide  of  mercury.     It  is  a  peculiarity 
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in  this  process,  that  although  with  the  above  pro- 
portions, some  of  the  Prussian  blue  remains  im- 
altered,  yet  all  the  oxide  of  mercury  is  decomposed, 
and  a  basic  cyanide  of  mercury  is  formed.  With  a 
large  excess  of  oxide  of  mercury,  the  Prussian  blue 
is  entirely  decomposed ;  but,  at  the  same  time,  this 
does  not  prevent  the  formation  of  the  basic  salt. 
The  basic  salt  is  readily  soluble  in  water,  the  solu- 
tion having  a  strongly  alkaline  reaction,  and  yield- 
ing, on  evaporation,  besides  a  reddish  precipitate 
which  consists  of  oxide  of  mercury  and  a  trace  of 
cyanide  of  mercury,  crystalline  needles,  that  on  re- 
solution and  evaporation  yield  the  same  appearances. 
It  is  therefore  the  better  plan  to  neutralize  the  clear 
solution  with  prussic  add,  which  causes  the  precipi- 
tation, as  proto-cyanide  of  iron,  of  a  small  portion  of 
protoxide  of  iron  still  in  solution,  again  to  filter, 
and  then  crystallize. 

Properties, — Cyanide  of  mercury  crystaOiBai  in 
white,  more  or  less  transparent,  four-sided  prinns 
and  pyramids,  which  are  odourless,  but  have  a  pim- 
gent  nauseous  metallic  taste.  Heated  in  a  closed 
glass  tube  the  crystals  fly  in  pieces,  fuse,  and  de- 
compose into  cyanogen  and  mercury;  the  s^ara- 
tion  of  the  former  from  the  latter  is,  however,  not 
perfect,  a  portion  forming  an  isomeric  variety, 
PARACYANOOEy,  which  remains  as  a  black  car- 
bonaceous mass.  The  salt  dissolves  in  water  and 
alcohol ;  the  former,  at  the  ordinary  temperature, 
takes  up  ^,  at  the  boiling  {  of  its  weight ;  tdcohol, 
of  80  per  ct.,  ^  its  weight,  at  the  ordinary  tempera- 
txire,  and  I  when  boiling.  These  solutions  have  no 
action  on  either  litmus  or  turmeric  paper. 
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HYDRARGYRUM  lODATUM. 

Bfdrargyri  lodidum. — ProtO'Iodide  o/Mereuiy. 

Fobmvla:  Hggl. 

PrtparaHon. — 8  Farts  of  xnercuTY  are  tritoratedy 
in  a  porpelam  mortar,  with  a  few  drops  of  alcohol 
and  6  parts  of  iodine,  until  the  whole  is  oonyerted 
Into  a  dark  yeUowish-green  powder,  and  even  under 
the  magnifying  glass  exhibits  no  trace  of  metallic 
f^bnles.  During  the  operation,  the  mortar  should 
be  coyered  with  a  cloth,  to  prevent  the  action  of  the 
li^ht.  Sufficient  alcohol  is  then  added,  constantly 
tnturating,  to  conyert  it  into  a  thin  paste,  this  is 
thrown  on  a  filter,  and,  excluding  the  light,  washed 
with  alcohol  until  on  passing  off  the  latter  no 
longer  gives  a  black  precipitate  or  turbidness  with 
sulphuret  of  ammonium,  the  contents  of  the  filter 
dried  with  a  very  gentle  heat,  and  kept  in  a  bottle 
away  from  the  light.  The  weight  of  product  should 
equal  that  of  the  mercury  and  iodine  employed. 

Recapitulation, — On  rubbing  together  mercury 
and  iodine,  they  acquire  at  first  a  red  colour,  from 
the  formation  of  periodide,  which,  as  the  mercury 
enters  more  and  more  into  combination,  becomes 
green,  and  finally,  when  the  above  proportion  of 
ingredients  has  been  employed,  of  a  dark  yellowish 
green: — 

2  at.  Hg,  and  1  at.  I,  form 
1  at.  HgjI. 

2500  Farts  of  mercury  require  1586  parts  Oa 
iodine.  The  small  quantity  of  alcohol  so  far 
facilitates  the  combination,  tiliat  it  gradually  dis- 
solves all  the  iodine.  The  application  of  heat  is 
imnecessary,  and  even  a  disadvantage,  as  causing 
the  iodine  to  evaporate.    By  washing  the  prepara- 
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tion,  a  small  trace  of  periodide  of  mercury  will  be 
removed. 

Properties, — ^Proto-iodide  of  mercury  is  a  dark 
greenish-yellow  odourless  and  tasteless  powder; 
heated  in  a  test  tube  it  becomes  at  first  reddish, 
separating  into  periodide  and  metalHc  mercury, 
then  yellowish,  fusing  to  a  brown  liquid,  and  finally 
TolatUizing ;  the  iodine  passing  off  first,  and  then 
the  metal.  In  the  light  it  decomposes,  acquiring  a 
gray  appearance.  It  is  insoluble  in  water  and  alco- 
hol. Boiling  hydrochloric  acid  dissolves  it,  but 
only  slowly,  the  solution  containing  perchloride 
and  periodide : — 

1  at.  Hg-^I,  and  1  at.  CIH,  form 
1  at.  Hgl,  1  at.  HgCl,  and  1  at.  H. 

Proto-iodide  is  quickly  reddened  by  nitric  acid, 
half  of  the  mercury  being  abstracted  and  forming 
per-nitrate  ;  on  cooling,  a  portion  of  the  per-iodide 
formed  separates  as  glittering  scarlet  scales : — 

3  at.  HgjI,  and  4  at.  NO5,  form 

3  at.  Hgl,  3  at.  HgO  +  NO5,  and  1  at.  NO-,. 

Iodide  of  potassium  decomposes  the  proto-iodide  of 
merciiry  into  periodide,  which  dissolves,  and 
metallic  merciiry.  Should  the  preparation  be  of  a 
yellow  colour,  it  contains  some  quantity  of  per- 
iodide^  and  this  is  generally  the  case  when  prepared 
by  the  moist  way.  Small  quantities  of  periodide  are 
detected  by  agitating  with  alcohol,  which  dissolves 
it,  filtering  and  evaporating,  when  the  residue 
formed  is  red. 


HYDRARGYRUM  BINIODATUM. 

Hydrargyri  Periodidum. — Periodide  of  Mercttry, 

Formula:  Hgl. 

Preparation, — Periodide  of  merciiry  is  obtained 
most  pure  and  beautiful  by  the  moist  way.    6  Parts 
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of  perchlcnide  of  merduyare  dissolTed  in  100  perte 
of  water,  and  a  solution  of  iodide  df  potaaaiumy  dia* 
■ohredin  10  times  ita  weight  of  water,  added  so  long 
•a  a  precipitate  forms,  taking  care  that  the  precipi- 
tant ia  not  in  exceaa.  From  6—7  parta  of  m$  UJ&k 
will  be  neoesaazy,  according  to  its  state  of  puritj. 
The  precipitate  is  allowed  to  subside  in  a  dark 
place,  washed  by  repeated  decantation,  cdUeeted  on 
n  filter,  dried  with  a  yerj  gentle  heat,  asid  kept^ 
ftee  from  access  of  light,  m  a  dosed  botde.  '&B 
produce  will  be  8  parts. 

B^capiiuiatioH,  —  Perchloride  of  mercury  and 
iodide  of  potassium  mixed  in  the  proper  propor- 
tions exchange  their  elements,  and  form  readily- 
aoluble  diloride  of  potassium,  and  insoluble  per- 
iodideof  mercury:—- 

1  at.  HgCl,  and  1  at.  KI,  form 
1  at.  KCl,  and  1  at.  Hgl. 

1698  Parts  of  perchloride  of  mercury  require  2076 
parts  of  iodide  of  potassium.  At  first,  whilst  the 
mercury  is  in  excess,  a  yellow  precipitate  is  formed, 
which  18  a  compoimd  of  equal  atoms  of  perchloride 
and  periodide  of  mercury ;  but  on  the  addition  of  more 
iodide  of  potassium,  this  perchloride  is  conyerted  into 
periodide,  and  the  yellow  colour  changed  to  scarlet. 
By  excess  of  the  precipitant,  the  periodide  of  mer« 
cury  is  readily  dissolyed,  and  in  consequence  is  lost 
on  washing.  If  the  iodide  of  potassium  contains 
chloride,  as  is  generally  the  case,  it  is  only  necessary 
to  use  rather  more  than  is  required  theoretically, 
other  than  this  it  is  not  detrimental. 

Properties, — Periodide  of  mercury,  thus  prepared, 
forms  a  brilliant  scarlet  powder,  odourless,  and 
without  taste.  Heated  in  a  test  tube  it  becomes 
yellow,  fuses  to  a  brownish-yellow  liquid,  and 
sublimes  to  a  yellow  crystalline  mass,  which  ac- 
quires a  red  colour  partially  on  cooling,  and  en- 
tirely, either  more  or  less  gradually.    Water  dia- 
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solves  only  a  trace  of  it.  Alcohol,  of  80  per  ct., 
-^  of  the  salt  in  the  cold,  and  <^  at  the  boiling 
point.  '  The  hot  saturated  solution  deposits  yel- 
low scales  on  cooling,  which  gradually  become 
red.  It  dissolves  also  in  hydrochloric  and  nitric 
acids,  especially  on  heating,  with  the  eyolu- 
tion  of  hydriodic  acid  and  free  iodine ;  the  solution 
contains,  according  to  the  duration  of  the  action, 
besides  the  iodide,  variable  quantities  of  perchlo- 
xide  and  pemitrate  ;  and,  on  cooling,  deposits  a  por- 
tion of  the  per-iodide  in  a  crystallme  state.  Iodide 
of  potassium  dissolves  it  with  the  greatest  readiness, 
and  thus  quickly  separates  it  from  minium^  cinnabar^ 
or  substances  haying  a  similar  appearance. 


HYDRARGYRUM  OXIDATUM  RUBRUM. 

Hydrargyri  Peroxtdum, — Pei'oxide  of  Mercury, — 

Red  Precipitate, 

Formula:  HgO. 

Preparation, — 1  Part  of  mercury  is  digested,  in  a 
glass  bottle,  on  a  sand  bal^,  with  3  parts  of  nitric 
acid,  spec.  grav.  1'20,  until  all  the  mercury  has 
disappeared.  The  solution  is  poured  into  a  porcelain 
dish,  and  evaporated,  with  continued  stirring  over  an 
open  fire,  to  dryness.  The  dried  yellowish- white 
mass  is  intimately  mixed  with  as  much  mercury  as 
has  been  dissolved,  then  returned  to  the  dish,  and, 
with  continuous  stirring,  it  is  heated  over  an  open 
fire,  at  first  gently  and  then  rather  strongly,  imtU 
no  more  brovmish-yeUow  fumes  are  evolved,  and 
the  powder  has  a  grayish-black  appearance.  The 
dish  is  now  removed  jfrom  the  fire,  its  contents 
mixed  with  crystallized  carbonate  of  soda,  -^j  the 
weight  of  the  mercury  employed,  the  whole  boiled 
for  half  an  hour  with  a  measured  quantity  of  water, 
thrown  on  a  filter,  and  washed  with  warm  wat^ 
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until  all  the  alkali  is  removed,  dried  with  a  gentle 
heat  and  kept  in  a  vessel  excluded  from  the  light. 
The  product  is  rather  more  than  the  weight  of  the 
mercury  employed. 

RecapiiulcUion, — ^The  merciiry  is  very  readily  acted 
on  by  nitric  acid,  brownish-yellow  vapours  being 
given  off;  at  first  when  the  acid  is  in  excess,  pro- 
toxide is  formed,  but  on  exposing  the  solution  to 
heat  and  evaporating,  all  the  protoxide  is  gradually 
converted  into  peroxide,  and  the  process  is  explained 
as  follows : — 

3  at.  Hg,  and  4  at.  NOg,  form 
3  at.  HgO  +  N06,  and  1  at.  NOg. 

3750  Parts  of  mercury  require  2700  parts  of  anhy- 
drous nitric  acid,  or  10,000  parts  of  hydrated,  of  spec, 
grav.  1*20  =  27  per  ct.  of  anhydrous.  The  fourth 
atom  of  acid  serves  for  the  oxidation  of  the  metal, 
causing  the  formation  of  nitric  oxide  which  in  con- 
tact with  the  air  forms  hyponitric  acid.  In  the 
proportions  of  1  part  of  metal  and  3  of  acid  there  is 
an  excess  of  the  latter,  which  is  requisite  to  supply 
the  waste  which  occurs  from  evaporation  during  the 
solution  of  the  metal.  By  evaporation  to  dryness, 
the  neutral  compound  gives  off  half  its  acid,  and 
remains  as  a  basic  per-nitrate  of  mercury =2HgO  + 
NO 5,  in  which  there  is  still  present,  as  nitric  acid, 
more  oxygen  than  is  required  to  oxidize  an  equiva- 
lent portion  of  metal ;  for 

1  at.  2HgO  +  NO5,  and  2  at.  Hg,  form 
4  at.  HgO,  and  1  at.  NO3. 

And  on  this  account,  in  order  to  economise  the  acid, 
as  much  mercury  is  added  to  the  salt  as  it  already 
contains.  The  nitrous  acid,  which  on  heating  is 
liberated,  attracting  oxygen  from  the  air,  appears  as 
brown-yellow  vapours.  The  heat  must  at  first  be 
applied  very  gently,  otherwise  a  portion  of  the 
metallic  mercury  will  be  given  off  as  such,  and  thus 

u  H 
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cause  a  loss  of  product.  The  mass  at  first  yellow^ 
will  gradually  become  darker,  and  finally  almost 
black;  on  cooling  it  assimies  a  brick^red  colour,  but 
some  few  yellow  grains  of  a  basic  salt  siHgO  +  NO, 
are  generally  perceptible.  The  last  traces  of  nitric 
acid  are  driven  off  with  difficulty,  and  at  the  riak  of 
reducing  a  portion  of  the  oxide ;  consequently  it  ia 
better  when  the  powder  has  been  heated  to  the  point 
above  mentioned,  to  allow  it  to  cool,  and  remove  any 
traces  of  acid  present,  which  will  be  but  incon- 
siderable, by  boiling  with  a  weak  solution  of  soda. 
Properties, — Oxide  of  mercury  thus  prepared, 
forms  a  brick-red  crystalline  powder,  odourless,  but 
of  a  faintly  nauseous  metallic  taste.  Heated  it 
acquires  nearly  a  black  colour,  which  on  cooling 
again  becomes  red.  More  strongly  heated  It  sepa- 
rates into  oxygen  and  metal.  Water  dissolves  traces 
of  it:  alcohol  none :  nitric  and  hydrochloric  acids  on 
the  other  hand  dissolve  it  readily.  Any  contaminar 
tion  with  nitric  acid  (as  the  basic  salt)  may  be 
generally  detected  from  the  appearance  of  yellow 
grains,  but  is  determined  with  certainty  by  boil- 
ing with  a  solution  of  soda,  filtering,  super- 
saturating the  filtrate  with  sulphuric  acid  and  adding 
a  drop  of  solution  of  indigo,  the  blue  colour  of 
which,  if  nitric  acid  is  present,  will  be  destroyed 
on  warming.  The  soda  abstracts  the  acid  from 
the  basic  ssdt,  it  is  again  liberated  by  sulphiiric  acid, 
exerting  in  its  free  state  a  destructive  action  on 
indigo.  The  preparation  is  also  adulterated  in  the 
shops.  Cinnabar  is  scarcely  to  be  expected  from  its 
high  price :  should  it  be  present,  sulphurous  acid 
wUl  be  given  off  on  heating  the  preparation  with 
charcoal ;  heated  in  contact  with  the  latter,  the 
cinnabar  separates  into  metal  and  sulphur,  the  last 
body  being  converted  by  the  oxygen  of  the  air  into 
sulphurous  acid.  Besides  this,  die  best  test  of  its 
purity  is  to  heat  a  portion  of  the  oxide  in  a  small 
retort  or  porcelain  crucible,  when  no  residue  (as 
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oxide  qfleadf  hriek  dutt^  %e,)  must  oecur.  Bed  oxide 
of  lead  is  known  by  the  dsrk»brown  zesidne  of  pe- 
roxide of  lead  (PbO20  which  remains  on  agitating 
nith  dilate  nitric  add.  The  red  lead,  or  mininm, 
consists  of  Fb304,  and  is  conTerted  by  nitric  add  into 
sdhible  oxide  and  insoluble  perotide. 

1  at.  Vhfi^,  and  2  at.  KO5,  form 

2  at.  PbO  +  NOfi,  and  1  at.PbO,. 

Brick  dnst  being  only  partially  dissolyed  by  nitric 
add  will  form  a  red  reiidne,  whidi  will  also  contain 
iron.  On  heating  a  portion  of  oxide  in  which  all 
three  contanunations  are  present,  on  charcoal  before 
the  blowpipe,  the  oxide  and  dnnabar  will  volatilise 
with  the  eyolntion  of  sulphurous  add  fames,  the 
minium  will  be  reduced  to  metallic  globules,  whilst 
the  brick  dust  will  remain  unaltered  on  the  charcoal. 


HYDBABGYBUM  OXIDATUM  SUL- 
PHUBICUM. 

ISydrargyri  Sulphas, — NeutraX  Persulphaie  of 

Mercury, 

FoBMULA  :  HgO  +  SOg. 

Preparation, — 6  Parts  of  mercury,  3|  parts  of  con- 
centrated sulphuric  acid,  3  parts  of  water,  and  4 
parts  of  nitric  acid,  spec.  gray.  1*20,  are  digested  in 
a  flask,  on  a  sand  bath,  so  long  as  brownish-yellow 
yapours  are  eyolyed ;  the  flask  is  emptied  into  a 
porcelain  dish,  the  latter  placed  oyer  an  open  fire, 
not  too  strong,  and  evaporated  with  constant  stir- 
ring to  dryness,  or  until  fames  are  no  loneer  eyolyed. 
The  dry  white  saline  mass  is  kept  in  a  closed  yessd 
away  firom  the  light.  It  will  produce  nearly  9 
parts. 

Recapitulation,  —  Compare  it  with  the  article 
CuPB.  OxiD.  SuLPH.    In  the  same  manner. 
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3  at.  Hg,  3  at.  SO3,  and  1  at.  NO5,  form 
3  at.  HgO  +  SO3,  and  1  at.  NO2. 

3750  Parts  of  mercury  require  1839  parts  of  hydra- 
ted  sulphuric  acid,  and  2500  parts  of  nitric  acid 
spec.  gray.  1*20.  By  evaporating  to  dryness  the 
water  and  slight  excess  of  sulphuric  acid  are  re- 
moved. 

In  regard  to  the  method  ordinarily  employed  of 
preparing  it  without  nitric  acid,  I  must  also 
refer  to  the  article  Cupb.  Oxid.  Sulph. 

Properties. — The  neutral  persulphate  of  mercury 
is  a  white  crystalline  powder,  odourless  but  of  a 
pungent  saline  nauseous  metallic  taste.  Heated  it 
becomes  yellow,  then  brown,  but  again  assumes  its 
white  colour  on  cooling ;  strongly  heated,  it  fuses 
to  a  brown  liquid  and  volatilizes  completely,  forming 
a  white  crystalline  sublimate.  In  this  last  process  a 
portion  of  the  salt  will  be  reduced  to  sulphuric  acid 
and  oxide,  the  latter  again  into  metal  and  oxygen; 
and,  consequently  the  sublimate  from  the  presence 
of  the  free  metal  will  exhibit  in  some  places  a 
greyish  appearance.  Water  separates  the  salt*into 
a  basic  one,  which  subsides,  and  an  acid  one  which 
is  soluble : 

4  at.  HgO  +  SO3,  form 

1  at.  3HgO  +  SO3,  and  1  at.  HgO  +  3SO3. 

This  basic  salt  =3HgO  +  S03,  the  so  called 
Turpeth  mineral  (Hydrargyrum  subsulphuricum), 
which  is  also  prepared  by  boiling  the  neutral  salt 
with  water,  washing  and  drying  the  residue,  is  a 
lemon-yellow  tasteless  powder,  partially  soluble  in 
water.  Heated  it  separates  into  neutral  salt  and 
oxide,  and  volatilizes  completely;  the  sublimate, 
owing  to  its  admixture  with  metal,  has  a  grey 
instead  of  a  white  appearance. 


STOBABOnim  PBOXOXZIMkTini  FUSim. 


HTDRAKGYRUM  PROTOXIDATUM 

PURUM. 

Mffirmtgyri  Praioxithmu — Hydrmtgyri  (kndmm  Cim- 
rmtm* — Pmr^.ProtoKidt  tff  Mermay,^^Bkuk  Omde 

Pobmuxjl:  Hg,0. 

PlrqMfo^tofi. — 1  Fart  of  finely  divided  calomel» 
that  prepared  '\sj  precipitation  is  to  be  preferred,  k 
treatecL  in  a  porcelain  mortar  -with  1  part  of  caustic 
potash  solunon,  spec.  gray.  1*338,  which  has  pre- 
viously been  ^uted  with  3  parts  of  water ;  after 
rabbing  together  for  about  bali-an-honr  it  is  thrown 
on  a  filter,  the  residue  protected  as  much  as  possible 
from  the  light  and  washed  with  cold  water  as  long 
as  the  fluid  passing  from  it  exhibits  an  alkaline  re- 
action, dried  at  the  ordinary  temperature,  and  kept 
in  ayessel  excluded  from  light.  1  Fart  of  calomel 
yields  f  of  protoxide. 

i20M!pdiifo^um. — ^The  elements  of  the  proto-ohloride 
of  mercury  and  caustic  potash  are  exchanged, 
forming  protoxide  of  mercury  and  chloride  of  potas- 
sium. 

1  at.  HgjCl,  and  1  at.  KO,  form 
1  at.  Hg.^0,  and  1  at.  KCl. 

2943  Farts  of  calomel  require  590  parts  of  potash, 
or  2269  parts  of  potash  Bolution,  spec.  gray.  1*388 
(  »  26  per  ct.  of  pure  potash) ;  an  excess  of  the  latter 
is  howeyer  necessary  to  insure  the  entire  decomposi- 
tion of  the  calomel,  of  which  the  precipitated,  as  being 
more  finely  divided,  is  to  be  preferred.  Heat  during 
the  process  is  carefrilly  to  be  avoided,  as  causing  the 
protoxide  to  separate  into  peroxide  and  metal. 
Nevertheless  with  every  precaution,  a  small  portion 
will  decompose,  and  during  the  washing  and  drying 
the  black  colour  becomes  tinged  with  green. 

Pr(5w<W!f.— Fure  protoxide  of  mercury  should 
really  be  quite  black,  but  from  the  presence  of  a 
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little  peroxide,  it  has  generally  a  green  tinge.  It  is 
odourless  and  tastelesss,  insoluble  in  water  and 
alcohol.  Heated  it  acquires  at  first  a  red  colour, 
from  decomposition  into  oxide  and  metal,  it  then 
becomes  darker,  separating  into  oxygen  and  metal, 
and  volatilizes  without  leaving  a  residue.  If  on 
agitating  it  in  water,  the  latter  gives  with  nitrate  of 
silver  a  white  precipitate  chloiride  of  potassium  is 
present.  Dilute  nitric  acid  readily  dissolves  it. 
Rubbed  with  dilute  hydrochloric  acid  it  becomes 
converted  into  a  grey  powder  (a  mixture  of  calomel 
and  metal,)  whilst  any  oxide  present  remains  in 
solution  and  yields  with  caustic  potash  a  yellow 
precipitate. 


HYDRARGYRUM  PROTOXIDATUM 
ACETICUM. 

Hydrargyri  Acetas, — Proto- Acetate  of  Mercury, 

Formula  :   HggO  +  A. 

Preparation, — 8  Parts  of  crystallized  proto-nitrate 
of  mercury  are  intimately  rubbed  up  in  a  porcelain 
mortar  with  16  parts  of  water  and  1  part  of  nitric 
acid,  spec.  grav.  1*20  ;  the  whole  thrown  into  a  glass 
fi.ask,  60  parts  of  water  added,  and  digested  with  a 
gentle  heat  until  the  salt  is  dissolved,  then  filtered, 
the  solution  diluted  with  twice  its  weight  of  water, 
and  precipitated  with  a  solution  of  acetate  of  i)ota8h; 
of  the  latter  5 — 6  parts  will  be  necessary.  The 
precipitate  is  excluded  from  the  light,  allowed  to 
subside,  collected  on  a  filter,  washed  with  a  little 
water,  dried  without  artificial  heat,  and  kept  in  a 
closed  vessel  with  the  previously-mentioned  pre- 
caution.    The  yield  should  be  7i  parts. 

Recapitulation. — Neutral  proto-nitrate  of  mercury 
requires  for  its  complete  solution  in  water  the  addi- 
tion of  a  little  free  nitric  acid;    (Vide  Htd&abg. 
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Pbotox.  Nitr.).  Acetate  of  potash  causes  in  this 
solutiofiL  a  bulky  precipitate  of  difficultly-soluUe 
acetate  of  protoxide  of  merouryf^^as  white  scales ; 
the  whole  of  the  nitrate  of  potaui  remaining  in  the 
solutian: 

1  at.Hg20  +  N05+2HO,  and  1  at.KO  +  A,fonn 
1  at.  HgaO  +  A,  1  at.  KO  +  NO5,  and  2  at.  HO. 

Por  3600  parts  of  the  salt  of  mercury  only  1228 
parts  of  acetate  of  potash  would  be  requisite ;  but 
&om  the  presence  of  the  free  nitric  acid  more  is 
necessary,  whilst  acetic  acid  is  liberated.  If  the 
solution  were  not  considerably  diluted,  the  bul^y 
precipitate  would  not  subside  properly,  and  thus 
necessitate  a  continued  washing  on  the  filter. 

Prqpertiea, — ^Proto-acetate  of  mercury  fonns  &ajt 
silyery  scales,  which  haye  a  soft  unctuous  feel,  a  £unt 
odour  of  acetic  acid,  and  a  feeblymetallic  taste ;  heated 
in  a  glass  tube  it  fuses,  gives  off  acetic  acid,  blackens, 
whilst  a  portion  of  the  acid  forms  with  the  oxygen  of 
the  salt  seyeral  products  (as  carburetted  hydrogen, 
carbonic  acid,  acetone),  leaying  behind  carbon  and 
metallic  mercury,  which  last  is  finally  volatilized.  If 
the  heating  is  performed  in  the  open  air  the  carbon 
also  is  consimied,  leaving  no  residue.  In  water  it  dis- 
solves with  difficidty,  1  part  of  salt  requiring  more 
than  300  parts  of  cold,  but  far  less  warm  water ; 
the  solution  has  an  acid  reaction,  and  if  boiled, 
separates  into  a  persalt,  which  remains  dissolved,  and 
metal,  which  subsides  as  a  gray  powder.  Cold 
alcohol  has  no  action  on  it,  but  boiling  alcohol  con- 
verts it  into  soluble  persalt  and  metal.  If  the  pre- 
cipitate has  not  been  thoroughly  washed,  it  leaves 
on  heating  in  the  air  a  residue  of  carbonate  of 
potash ;  the  nitrate  of  potash  present  giving  up  its 
oxygen  to  the  carbon,  nitric  oxide  and  carbonic  acid 
are  evolved,  a  portion  of  the  latter  combining  with 
the  potash. 
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HYDRARGYRUM  PROTOXIDATUM 
NITRICUM. 

Hydrargyri  Nitraa, — Proto-Nitrate  of  Mercury, 
Formula  :  HggO  +  NO5  +  2H0. 

Preparation. — 1  Part  of  mercury  and  2  of  nitric 
acid,  spec.  grav.  1  *  17  are  weighed  into  a  flat-bottomed 
flask,  the  mouth  of  which  is  covered  with  a  watch 
glass,  and  digested  with  constant  agitation,  with- 
out heat,  until  no  more  yellowish-brown  yapours 
are  perceptible,  and  the  metal  is  almost  entirely 
converted  into  a  white  saline  mass.  In  the  summer 
the  flask  must  be  kept  in  the  cellar  during  the 
digestion,  or  cooled  with  water.  According  to  the 
quantity  of  material,  the  digestion  will  reqtiire 
from  4  to  20  days.  The  saline  mass  is  collected  on 
a  funnel,  the  bottom  of  which  is  loosely  stopped 
with  a  glass  stopper,  washed  with  about  half  as 
much  cold  water  as  the  acid  liquid  which  escaped, 
spread  on  a  flat  dish,  dried  on  slightly  warm  sand, 
and  kept  in  a  closed  bottle,  excluded  n:om  the  light. 
The  yield  is  about  equal  to  the  mercury  employed. 

Recapitulation. — ^Mercury,  in  contact  with  dilute 
nitric  acid,  is,  in  the  cold,  almost  entirely  converted 
into  protoxide,  which,  combining  with  another  por- 
tion of  acid  and  water,  forms  a  difficultly-soluble 
salt.  The  yellowish-brown  vapours  that  separate 
are  hyponitric  acid,  =N04,  formed  by  the  action  of 
the  air  on  nitric  oxide : — 

6  at.  Hg,  4  at.  NO5,  and  6  at.  HO,  form 
3  at.  HggO  +  NO5  +  2H0,  and  1  at.  NO^. 

7500  Parts  of  mercury  should  require  only  2700 
parts  of  anhydrous  nitric  acid,  or  11250  parts  of 
hydrated,  of  spec.  grav.  1*17,  which  contains  27 
per  ct.  of  anhydrous  acid.  In  order  to  obtain  the 
neutral  salt,  a  large  excess  of  acid  is  necessary, 
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otlierwiBe  a  basic  salt,  »3Hg20  +  2NO«  +  3HO,  is 
formed,  even,  in  the  cold.  In  spite  oi  the  large 
excess  of  add,  a  small  portion  of  metal,  (about  ^ 
remains  imacted  on,  wMch  is  unavoidable  and  of 
bat  slight  consequence,  as,  the  salt  being  almost 
always  used  in  solution,  the  excess  of  metal  is  sepa* 
Table  by  filtration. 

By  warming  the  flask  when  the  cold  digestion  is 
finished,  the  separation  of  the  mercury  and  salt  is 
efiected,  the  latter  being  entirely  dissolved ;  the  pro- 
cess, however,  has  this  disadvantage,  the  crystals  do 
not  again  separate  on  cooling,  but  require  a  further 
evaporation,  and,  instead  of  the  firm  compact  crys- 
talUne  mass,  they  are  deposited  as  a  pasty  magma  of 
fine  crystalline  needles,  which  are  not  free  from. 
some  portions  of  the  yellow  basic  salt,  »2Hg30  + 
NO5+HO;  consequently,  it  is  better  to  preserve 
the  salt  for  use  ia  the  state  in  which  it  is  obtained 
by  cold  digestions.  The  saline  mass,  in  this  case, 
often  exhibits,  during  the  digestion,  traces  of  yellow 
colour,  from  the  formation  of  a  basic  salt;  by 
agitation  with  the  acid  solution,  this  is  again  dis- 
sipated. The  reason  why  the  salt  obtained  does 
not  exceed  the  quantity  of  metal  used,  is,  that  f  of 
the  latter  only  will  be  found  in  the  salt,  and  ij  in  so- 
lution ;  from  motives  already  explained,  it  is  not  ad- 
visable to  employ  this  to  form  a  persalt,  but  rather 
to  evaporate  it  with  the  wash  water  to  dryness,  and 
re-obtain  the  mercury  as  red  oxide ;  ( Vide  Hydrarg. 
OxiD.  Rub.). 

Properties, — ^Proto-nitrate  of  mercury,  thus  pre- 
pared, exists  as  groups  of  white,  heavy,  transparent, 
four  or  six-sided  prisms,  between  some  of  which 
globules  of  mercury  are  enclosed.  It  reddens  lit- 
mus paper  powerfully,  has  a  feeble  smell  of  nitric 
acid,  and  a  sharp,  bitter,  metallic  taste.  Exposed 
to  the  simlight  for  some  time,  its  external  appear- 
ance is  not  changed,  being,  as  regards  light,  the 
most  stable  of  all  mercurial  salts.    Heated  it  fuses, 
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evolving  aqueous  vapours,  and  the  yeUowish-broim 
vapours  of   hyponitric    acid,   leaving  peroxide  of 
mercury,  which  is  finally  decomposed  into  metal 
and    oxygen,    and  volatilizes  without    a   residue. 
Water    containing    nitric    acid,  spec.   gray.    1*20, 
about    I    of   the  weight  of  the    nitrate    of  mer- 
cury, dissolves  this  salt  entirely,  leaving  only  the 
uncombined  metallic  mercury.     Pure  water  exerts 
a  decomposing  action  on  the  salt,  converting  it,  as 
was  generally  supposed,  into  a  basic  and  acid  salt, 
but  Rose  has  shown,  that  it  rather  becomes  a  persalt 
and  free  metal.    For  instance,  on  boiling  the  salt 
ynih  water,  it  becomes  of  a  dirty-yellow  colour,  the 
oxide  of  a  portion  of  the  salt  forms  metal  and  per- 
oxide, which,  retaining  a  part  of  the  acid,  forms  the 
Salpetre-Turpeth=4HgO  +  NOg,  whilst  the  liberated 
acid  combines  with  a  portion  of  the  still-imdecom- 
posed    protosalt,  (as  well  as  with  traces  of    per- 
oxide).   The  dirty-yellow  substance  is  a  mixture  of 
metal,  basic  persalt,  and  imdecomposed  proto-salt ; 
whilst  in  the  solution  are  acid  proto-nitrate,  and 
traces  of  oxide.    If  the  acid  solution  is  decanted, 
and  the  yellow  body  again  treated  with  water,  it 
finally  becomes  gray,  owing  to  the  remaining  por- 
tion of  proto-salt  omdergoing  the  same  decompo- 
sition, and  the  basic  persalt  losing  all  its  acid ;  the 
residue  is  metallic  mercury  and  peroxide  of  mer- 
cury.    Cold  water  has  a  more  tardy,  but  similar 
action  to  boiling. 
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HYDRARGYRUM  PROTOXEDATUM  NI- 
TRICUM  AMMONIATUM. 

Hydrargyri  Ammonio-Nitras, — Ammoniated  ProtO' 
NitrcUe  of  Mercury, ^^Hahnemamis  Soluble  Quick' 
silver. 

Formula : 

(Hg^O  +  NOg)  +  NILjHg.  +  xHg  +  x(HgO  +  NOg)  + 

NHjHg. 

PreparcUion, — 8  Parts  of  dry  proto-nitrate  of  mer- 
cury are  triturated,  in  a  porcelain  mortar,  with  16 
parts  of  pure  water,  in  which  is  mixed  1  part  of 
nitric  acid,  spec.  gray.  1'20 ;  to  this  is  added  about 
60  parts  of  pure  water,  and  the  whole  gently 
warmed  until  dissolved,  filtered  if  necessary,  the 
clear  solution  diluted  with  eight  times  its  weight  of 
water,  and,  with  continuous  stirring,  a  mixture  of 
3^  parts  caustic  ammonia,  spec.  gray.  *960,  and  10 
parts  of  water,  added  to  it.  After  the  black  pre- 
cipitate thus  formed  has  subsided  the  supernatant 
liquid  is  decanted,  the  same  quantity  of  water  is 
again  added  and  decanted,  the  whole  then  thrown 
on  a  filter,  and  washed  so  long  as  the  fluid  passing 
off  has  an  acid  reaction,  dried  with  a  gentle  heat, 
and  kept  in  yessels  excluded  from  light.  Its 
weight  should  equal  3^  parts. 

Recapitulation. — When  a  solution  of  proto-nitrate 
of  mercury  comes  in  contact  with  caustic  ammonia, 
as  in  the  process  just  described,  half  of  the  mer- 
curial salt  will  be  decomposed ;  the  acid  combines 
with  half  the  ammonia,  which,  by  abstracting  1  at. 
of  hydrogen  from  the  other  atom  of  ammonia,  and 
the  oxygen  jfrom  the  protoxide  of  mercury — (that  is 
to  say,  by  the  absorption  of  the  elements  of  1  at. 
of  water) — ^has  become  converted  into  oxide  of 
ammonium,  to  soluble  nitrate  of  oxide  of  ammo- 
niimi.    The  portion  of  ammonia  deprived  of  1  at. 
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of  its  hydrogen,  or  amidogen,  s^NHs,  combining 
with  the  deoxidized  mercury,  forms  amide  of  mer- 
cury, =NH2Hg2,  and  finally  combines  with  the 
other  half  of  the  proto-nitrate  of  mercury  to  a 
black  precipitate :  — 

2  at.  HgaO  +  NO5,  and  2  at.  NH3,  form 
1  at.  NH4O  +  NO5,  and  1  at.  (HggO  +  NO5) 
+  NH2Hg2. 

7000  Parts  of  crystallized  proto-nitrate  of  mercury 
should  require,  from  the  above  proportions,  426 
parts  of  anhydrous  ammonia,  or  4260  of  hydrated, 
tm  10  per  ct.  This  quantity  of  ammonia  is,  how- 
eyer,  on  no  account  to  be  used,  but  the  super- 
natant liquor  must  retain  a  perceptibly  acid  reac- 
tion, otherwise  the  nitrate  of  ammonia  formed 
exerts  a  decomposing  action  on  the  black  precipi- 
tate, changing  it  gray.  Nitrate  of  ammonia  shows 
a  great  disposition  to  form  a  readily-soluble  double 
salt  with  pemitrate  of  mercury,  and  to  accomplish 
this  it  first  reduces  the  black  precipitate  into 
metallic  mercury  and  a  compound  of  nitrate  of 
amide  of  mercury,  which  has  a  white  appearance  :— 

1  at.  (HgaO  +  NO5)  +  NHgHgj,  form 

2  at.  Hg,  and  1  at.  (HgO  +  N06)NH2Hg. 

The  nitrate  of  ammonia  and  the  white  compound 
are  then  converted  into  ammonia,  which  is  evolved, 
and  into  pemitrate  of  mercury  : — 

1  at.  (HgO  +  NO5)  +  NHgHg,  and  1  at.  NH4O 

+  NO5,  form 

2  at.  NH3,  and  2  at.  HgO  +  NO5 ; 

and  finally  the  pemitrate  of  mercury,  combining 
with  2  other  atoms  of  nitrate  of  ammonia,  forms 
the  readily-soluble  double  salt.  This  decomposi- 
tion of  the  black  substance  proceeds  most  quickly 
when  it  is  treated  with  a  concentrated  solution  of 
nitrate  of  ammonia ;    the  precipitate  is  then  dis- 
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Bolyed,  especially  on  warming,  with  a  strong  evolu- 
tion of  ammonia,  and  a  trifling  gray  residue  of 
metallic  mercury. 

The  solutions  are  directed  to  be  very  dilute,  as 
in  this  case  the  action  is  not  so  energetic.  Neyer- 
theless,  the  entire  decomposition  of  the  black  pre- 
cipitate is  not  to  be  prevented,  as  with  every  drop 
of  ammonia  a  portion  of  nitrate  of  ammonia  is 
formed  ;  besides  its  chief  constituents,  there  are  also 
found  in  the  precipitate,  protonitrate  of  amide  of 
mercury  ■^(Hg^O  +  NOg  +  NlIjHga),  metallic  mer- 
cury, and  pemitrate  of  amide  of  mercury  «=  (HgO 
+  NO5  +  NELjHg),  even  when  it  has  a  black  appear- 
ance, but  the  proportion  of  metallic  mercury  is 
larger  than  that  of  the  white  body,  as  the  latter  is 
dissolved  by  the  nitrate  of  ammonia.  In  consequence 
of  this,  the  decomposition,  or  increase  of  the  white 
body,  is  in  proportion  to  the  ammonia  used,  and  if 
this  be  largely  in  excess,  a  gray  instead  of  a  black 
precipitate  is  the  result,  therefore  ammonia  must 
be  added  only  so  long  as  a  black  precipitate  is 
formed ;  this  point  is  attained  when  to  8  parts  of 
protonitrate  of  mercury  not  more  than  3^  parts  of 
Liq.  Ammonise,  spec.  grav.  *960,  are  employed. 

As  may  be  seen  from  the  yield,  at  least  half  the 
metal  contained  in  the  protonitrate  will  be  found  in 
the  wash  water ;  to  regain  it,  solution  of  caustic 
potash  is  added,  and  the  collected  precipitate,  when 
treated  with  nitric  acid  and  heated,  forms  peroxide. 
(Vide  Htdb.  Oxid.  Rubb.) 

Properties, — ^Hahnemann's  mercurial  precipitate 
is  a  velvety,  black,  odourless  and  tasteless  powder, 
in  which,  when  strongly  magnified,  globules  of 
metallic  mercury  are  perceptible.  Heated  in  a 
closed  glass  tube,  it  becomes,  without  fusing,  at 
first  yellow,  then  reddish-brown,  and  finally  vola^ 
tilizes  completely ;  the  products  which  separate  are 
water,  metallic  mercury,  and  nitric  oxide  ; — 

1 1 
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1  at.  (HgaO  +  NO5)  +  NHjHgg,  forms 

2  at.  HO,  2  at.  NOj,  and  4  at.  Hg. 

The  sublimate  should  really  be  of  a  gray  colour, 
but  the  nitric  oxide  forms  with  the  oxygen  of  the 
air  hyponitric  acid,  which  occasions  a  tolerably 
complete  oxidation  of  the  mercury,  and,  in  conse- 
quence, forms  a  brown  or  reddish-yellow  deposit  in 
the  tube,  and  a  piece  of  litmus  paper  placed  in  the 
latter  becomes  strongly  reddened.  In  water  and 
alcohol  the  preparation  is  insoluble.  In  about  20 
parts  of  concentrated  acetic  acid  it  is  entirely 
soluble,  excepting  of  course  the  metallic  mercury, 
(often  more  than  20  per  ct.);  in  the  cold  the  solution 
deposits  lustrous  silvery  scales  of  proto-acetate  of 
mercury.  Nitric  acid,  spec.  gray.  1*20  dissolyes  it, 
leaving  at  first  th^  white  precipitate,  which  by  con- 
tinued action  in  the  heat  finally  disappears.  Caustic 
potash  eyolyes  ammonia  from  it.  If  Uie  preparation 
has  a  gray  appearance,  too  much  ammonia  has  been 
employed  in  its  precipitation,  and  it  contains  an 
excess  of  the  white  compound.  If  adidterated 
'With,  black  sulphuret  of  silver,  the  smell  of  sul- 
phurous acid  is  perceptible  when  heated  on  char- 
coal. 


HYDRARGYRUM  PROTOXIDUM  PHOS- 

PHORICUM. 

Eydrargyri  PhoapJuia, — Protophoaphate  oj  Mercury, 

Formula:  2Hg20  +  P205. 

Preparation, — A  dilute  solution  of  8  parts  of 
protonitrate  of  mercury,  prepared  as  in  the  fore- 
going article,  is  treated  with  a  solution  of  crystal- 
lized phosphate  of  soda  so  long  as  a  precipitate  is 
formed,  (about  5  parts  are  necessary)  thie  latter 
carefully  washed  with  water,  as  long  as  this  acquires 
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an  add  xeaetiony  dried  iriih  a  gentle  heat,  and 
kept  in  a  bottle  excluded  from  the  light.  Nearly  7 
parte  are  the  product. 

B&a^niulathn,  —  Protonitrate  of  mercury  and 
phoiqphate  of  soda  exchange  elements,  protophoa- 
phate  of  merenrj  precipitaSng,  and  nitrate  id  aoda 
remaining  in.  aolution  :— 

2at.Hg,0  +  N05  +  2HOand  1  at.  (2NaO+HO 

+P|0^  +  24Aq.  form 
1   at.   augoO  +  PsO,,  2    at.    NaO+NO|,   and 

27  at.  HO. 

7000  Parts  of  protonitrate  of  mercnrj  requh!« 
4402  parts  of  crystallized  phosphate  of  soda.  On 
account  of  the  excess  of  nitric  add  requisite  fbf 
the  entire  solution  of  the  mercurial  salt  in  wateri 
the  supernatant  liquid  has  pi  acid  reaction. 

Prtgwr<ie>.— ProtophosphAte  of  mercury  is  a^diitei 
fine,  cryBtalline,  odourless  and  tasteless  powder* 
Heated,  it  ftises,  evolving  oxygen  and  metallio  me^i 
ourr,  and  leading  a  colourless  glacial  mass,  which 
is  uie  phosphoric  acid  with  a  trifling  quantity  of 
mercury,  Bi  water  it  is  insoluble,  whilst  nitric 
acid  dissolves  it  on  heating  completely. 


HYDRARGYRUM   SULPHURATUM 
NIGRUM. 

Uydrargyri  Svlphidum* — Bktck  SulpHuret  of  Merc%iry, 

— jEthiops  Mineral, 

Fobmxtla:  HgS  +  xS. 

Pr^para^ton.— Equal  parts  of  mercury  and  washed 
flowers  of  sulphur  are  rubbed  in  a  porcelain  mortar, 
with  the  occasional  addition  of  a  few  drops  of  water, 
imtil  they  form  a  grayish-black  powder,  and  neither 
mercury  nor  sulphur  is  visible  with  a  magnifying 
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glass  ;  the  labour  is  greatly  diminished  by  employ- 
ing diluted  sulphide  of  ammonium  instead  of  water. 

In  order  to  facilitate  the  combination,  some  phar* 
macopceias  recommend  the  powder  to  be  warmed 
during  the  trituration;  whilst  in  others  they  are 
ordered  to  be  fused.  As  the  chemical  constitution 
is  modified  by  these  different  processes  that  of  one's 
own  pharmacopceia  should  be  followed. 

Recapitulation, — On  rubbing  together  mercury 
and  sulphur,  a  partial  combination  ensues  eyen  at 
the  ordinary  temperature ;  this  is  assisted  by  a  few 
drops  of  water,  and  still  more  so  by  hydrosulphate 
of  ammonia,  which  by  dissolving  the  sulphiir  pre- 
sents it  in  a  soluble  form  to  the  mercury.  In  the 
proportions  previously  given,  the  sulphur  is  in  con- 
siderable excess,  even  for  the  formation  of  the 
highest  sulphuret  HgS,  consisting  of  equal  atoms, 
or  of  1250  parts  mercury,  and  200  sulphur ;  conse- 
quently the  1050  parts  of  sulphur  must  be  considered 
an  admixture,  and  even  of  the  200  parts  a  portion 
at  least,  instead  of  the  highest  sulphuret,  forms  the 
lowest  sulphuret  Hg2S,  or  in  other  words,  the  1250 
parts  of  mercury  hold  less  than  200  parts  of  sidphur 
in  combination.  If,  when  with  an  ordinary  magni- 
fying glass  no  more  mercurial  globules  are  visible, 
the  preparation  is  examined  under  a  microscope, 
the  mass  appears  to  consist  principally  of  grayish- 
black  globules,  in  which  lie  single  glittering  particles 
of  metallic  mercury.  The  colour  of  the  gray-black 
globules  is  due  to  the  chemical  combination  of 
sulphur  and  mercury  HgS  or  HggS :  this  compound 
is  only  superficial,  the  interior  of  the  globules  con- 
sisting of  free  sulphur.  The  yellow  globules  of 
sulphur  become  coated  with  a  crust  of  sulphuret 
of  mercury,  and  thus  being  enclosed,  the  free 
mercury  present,  in  spite  of  the  trituration,  either 
remains  as  such  or  converts  the  HgS  into  HgjS. 
If  the  temperature  is  raised,  less  uncombined  mer- 
cury will  remain,  as  the  sulphur  is  partially  yola- 
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tilized  and  more  readily  comes  in  contact  with  the 
metal.  Even  when  the  preparation  is  fused  it 
contains  free  sulphur,  the  colour  of  which  is  con- 
cealed by  sulphuret  of  mercury. 

Properties, — ^thiops  mineral  is  a  heavy,  some- 
what grayish-black,  odourless  and  tasteless  powder  : 
soluble  neither  in  water,  hydrochloric  nor  dilute 
nitric  acid ;  the  latter  taking  up  at  the  most  only 
small  traces  of  uncombined  mercury.  Heated  in  a 
test  tube,  it  first  loses  sulphur,  which  deposits  on 
the  cool  portion  of  the  tube,  and  partly  combines 
with  the  oxygen  of  the  air  present,  to  sulphurous 
acid;  then  sulphuret  of  mercury  sublimes,  and 
deposits  itself  as  an  iron-gray  mass,  becoming  red 
when  rubbed;  if  there  is  a  residue,  either  the 
mercury  or  sulphur  was  impure.  With  a  magnify- 
ing glass  of  moderate  power  no  mercurial  globules 
should  be  perceptible. 

By  mixing  with  equal  parts  of  finely  prepared 
sulphuret  of  antimony  (Antimonium  crudum),  the 
Hydrargyrum  stibiato  sulphuratimi  (^thiops  antl- 
monialis)  is  obtained. 


HYDRARGYRUM   SULPHURATUM 
RUBRUM. 

Hydrargyri  Persulphidum. — Red  Sulphuret  of  Mer- 
cury,— Cinnabar, 

Formula:  HgS. 

Preparation, — 12  Parts  solution  of  caustic  potash, 
spec.  grav.  1'333  are  brought  to  the  boiling  point  in  a 
cast  iron  vessel,  and  whilst  constantly  stirring  pow- 
dered sulphur  is  added  as  long  as  it  is  dissolved  (about 
4^  parts  will  be  sufficient) ;  the  dark  yellow  solution 
is  decanted  from  the  excess  of  sulphur,  sufficient 
water  added  to  replace  that  evaporated,  and  filtered 
if  necessary.      When  entirely  cooled  it  is  poured 

II  2 
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into  a  thoroughly  strong  bottle,  which  must  be 
only  I  filled,  and  8  parts  of  mercury  added,  the 
bottle  well  closed  with  a  cork  and  bladder,  and 
shaken  continually  until  the  whole  of  the  metal  is 
converted  into  a  bright  red  powder.  The  length  of 
time  naturally  depends  on  the  quantity  of  materials 
employed.  As  the  arm  would  soon  become  tired  by 
the  operation,  it  is  advisable  to  employ  some  me- 
chanical power,  as  a  saw  mill,  &c.,  to  keep  the 
bottle  in  constant  and  powerful  motion ;  in  this 
case  the  bottle  should  previously  be  well  packed 
with  saw  dust  in  a  box  to  prevent  its  breaking.  It 
is  advisable  not  to  put  more  than  1^  or  2  poimds  of 
solution  into  one  bottle,  and  where  a  large  quantity 
is  being  operated  on  to  employ  several  bottles ;  the 
shaking  should  continue  at  least  24  hours.  When 
tlLe  mercury  is  transformed  into  a  bright  red  colour 
it  is  put  into  a  dark  place,  the  supernatant  yeUow 
liquid  poured  ofif  as  much  as  possible,  the  powder 
repeatedly  washed,  by  decantation,  with  pure  water 
80  long  as  the  latter  acquires  an  alkaline  reaction, 
separated  from  the  heavy  gray  particles  vdth  which 
it  is  always  mixed,  by  sdlowing  them  to  subside 
first,  the  remainder  collected  on  a  filter  and  dried 
with  a  gentle  heat.  The  yield  of  pure  cinnabar 
will  about  equal  in  weight  the  mercury  employed. 

In  most  works  the  agitation  is  directed  to  be  ac- 
companied by  heat,  but  in  this  case  I  have  always 
obtained  a  preparation  of  a  very  inferior  colour. 

Recapitulation. — On  boiling  solution  of  caustic 
potash  with  excess  of  sulphur,  2  at.  of  potash  give 
up  their  oxygen  to  2  at.  of  sulphur,  and  form  2  at. 
of  hyposulphurous  acid=2SO,  which  combine  with 
potash  to  hyposulphite  potash=KO  +  2SO.  The 
2  at.  of  potassium,  or  potash  deprived  of  its  oxygen, 
take  up  10  at.  of  sidphur,  forming  2  at.  of  the 
highest  sulphuret  of  potassium  ^KS^  : — 
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3  at.  £0  and  12  at.  S,  fbnn 
1  at.  £0  +  2S0»  and  2  at.  KS^. 

1770  Parts  of  anhydrous  potash  or  6730  parts  of 
aolution  i^»ec.  gray.  1*333  (»26*3  per.  ct.  of  potash) 
require  2400  parts  of  sulphur ;  a  slight  excess  of 
.the  latter  is  necessary,  to  indicate  that  the  sulphur 
•will  take  up  no  more.  Experience  teaches  us  that 
the  highest  sulphuret  of  potassium,  by  giving  off 
2  at.  of  sulphur  and  becoming  reduced  to  a  tersul- 
phuret  of  potassium  KS^,  is  capable  of  converting 
nearly  2  at.  of  mercury  into  cinnabar.  2  At.  of  the 
highest  sulphuret  of  potassium  are  sufficient  for 
nearly  4  at.  of  mercury  or  5000  parts ;  or,  12  parts  of 
caustic  potash  solution  spec,  gray,  1*333  (when  after 
boilu^;  with  excess  of  sulphur  it  is  converted  into  the 
highest  sulphuret)  require  8  parts  of  metal.  At  the 
commencement  of  the  agitation  a  black  sulphuret  of 
merciuy  is  formed,  (without  doubt  the  lowest »  H^B, 
which  by  taking  up  more  sulphur  becomes  HgS), 
gradually,  however,  acquinnglhe  peculiar  red  colour 
of  finely  prepared  cinnabar.  This  change  of  colour  of 
the  sulphuret  of  mercury  from  black  to  red,  has  been 
attributed  to  its  passing  from  the  amorphous  to  the 
crystalline  state,  from  the  fact  that  cinnabar  prepared 
by  the  dry  way  previously  to  its  sublimation,  when 
it  is  undoubtedly  amorphous,  acquires  during  that 
process  a  crystalline  and  red  appearance.  For  my 
own  part,  I  consider  that  the  change  from  the 
amorphous  to  the  crystalline  state,  is  rather  due  to 
the  heat  necessary  for  its  sublimation,  as  cinnabar 
prepared  by  agitation  in  the  wet  way,  shows  even 
when  greatiy  magnified  no  signs  of  crystals.  It  is 
peculiar  that  with  the  given  relative  proportions  of 
sulphuret  of  potassium  and  mercury,  the  whole  of 
the  latter  is  not  converted  mto  cinnabar,  but  a  small 
portion  remains,  in  a  very  finely  divided  state, 
mixed  with  it;  the  mercury  must  not  on  this 
account  be  diminished  in  quantity :  during  the  treat- 
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ment  of  the  compound  with  water  it  is,  owing  to 
its  much  higher  specific  grayity,  reacUly  separated, 
and  may  be  used  for  the  next  preparation.  On 
account  of  this  unavoidable  loss,  the  yield  of  cinnabar 
instead  of  being,  as  calculation  would  make  it,  9^ 
parts  from  8  of  metal,  is  only  8  parts. 

The  concentrated  solution  of  sulphuret  of  po- 
tassium first  decanted  from  the  precipitate  and 
equalling  the  tersulphuret  KS3,  may  again  be  used 
for  the  same  purpose,  after  boiling  with  sulphur  to 
convert  it  into  the  pentasulphuret.  During  this 
boiling  it  deposits  a  small  quantity  of  a  black  pre- 
cipitate, which  consists  of  a  little  sulphuret  <^ 
mercury,  dissolved  by  the  tersulphuret  of  potassiun.. 

Properties, — Cinnabar  prepared  by  the  moist  way 
is  a  fiery  red,  soft,  heavy,  odourless,  and  tasteless 
powder,  distinguishable  from  that  prepared  by  sub- 
umation,  both  by  its  bright  colour  and  want  of  any 
crystalline  appearance  even  when  strongly  magni- 
fied. Exposed  to  the  light  it  gradually  acquires  on 
the  surface  a  gray  tint,  arising  from  the  separation 
of  the  mercury  and  sulphur,  both  of  which  in  their 
free  state  remain  in  admixture  with  the  compound. 
Cinnabar  is  insoluble  in  water,  alcohol,  cold  nitric 
acid  spec.  grav.  1*2,  cold  hydrochloric  acid,  dilute 
sulphuric  acid  and  acetic  acid ;  hot  nitric  decomposes 
it,  precipitating  a  portion  of  the  sulphur,  and  con- 
verting the  other  portion  into  sulphuric  acid,  sul- 
phate and  nitrate  of  peroxide  of  merciuy  being 
formed ;  fuming  nitric  acid  totally  converts  it  into 
persulphate  of  mercury.  Heated  in  a  test  tube  it 
acquires  nearly  a  black  colour,  and  sublimes,  without 
fusing,  to  a  shining  iron- gray  mass,  becoming  red  on 
rubbing ;  any  adulterations  in  the  cinnabar  as  red 
leadf  brick  dust,  or  colcothar  remain  behind.  If  this 
residue  yields  on  charcoal  before  the  blowpipe  a 
bead  of  lead,  red  lead  is  present,  but  if  it  undergoes 
no  change  either  brick  dust  or  colcothar  is  present. 
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INULINUM. 

Iwidme,'~^HeUemne, 
Fobmitla:  CijHiQOjQ  (?). 

PrtgMtraHon, — From  Taraxaeum  root. — ^A  quantity 
of  dandftlion  root  (that  coUeoted  in  the  autumn  is  to 
be  preferred),  is  shredded  and  digested  with  double 
its  weight  of  water  in  a  tin  or  copper  vessel  for  12 
hours  at  nearly  a  boiling  temperature,  strained  whilst 
hot  through  linen,  the  roots  washed  with  a  little 
warm  water,  well  pressed,  the  liquor  allowed  to 
settle  for  some  hours,  the  dear  portion  poured  oSt, 
evaporated  to  about  one'third  the  bulk  of  the  water 
used  £ar  digestion,  and  placed  in  a  porcelain  or 
earthenware  jar  in  a  cool  spot.  After  several  days 
a  considerable  white  deposit  will  be  formed  at  the 
bottom  of  the  vessel,  which  is  collected  on  a  filter, 
the  supernatant  liquor  being  poiured  off,  and  after 
evaporation  to  a  syrupy  consistence,  again  set  in  a 
cool  place.  This  syrup  which  is  now  nearly  solid 
will  on  diluting  with  cold  water  yield  a  white  pre- 
cipitate, which  washed  several  times  with  cold  water 
becomes  perfectly  white.  The  two  deposits  when 
drained  are  taken  from  the  filter,  spread  on  a 
porcelain  tile  and  dried  with  a  gentle  heat.  The 
yield  will  be  about  ^  the  weight  of  the  firesh  root. 

By  again  boiling  the  root  with  water,  a  little 
more  inuline  is  obtained,  which,  however,  is  not  so 
pure  as  the  first  quantity. 

For  want  of  fresh  dandelion  root,  that  which 
has  been  dried  may  be  used ;  this,  however,  does 
not  yield  so  much  or  such  pure  inidine. 

From  dahlia  roots,  which  also  should  be  dug  up 
in  the  autumn,  it  is  better  to  prepare  the  inuline  by 
the  same  process;  on  simply  washing  them  with 
cold  water  (as  in  the  preparation  of  starch),  but 
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little  inuline  is  obtained.  There  is  no  adyantage  in 
using  the  dahlia  roots  instead  of  the  taraxacum. 

RecapittUation, — ^Inuline  exists  in  Taraxacum  in  a 
free  state ;  the  root  contains  in  the  autumn  a  much 
larger  portion  than  in  the  spring  or  summer.  On 
account  of  its  slight  solubility  in  cold  water,  the 
root  must  be  digested  in  hot,  but  not  boiling  water ; 
by  boiling,  a  larger  quantity  of  inuline  would  be  ob- 
tained, but  with  it  so  much  colouring  and  extractiTS 
matter  as  renders  the  purification  difficult.  The 
precipitate  must  not  be  dried  on  paper,  otherwise  it 
adheres  to  it  so  tightly  as  to  be  scarcely  separable ; 
nor  must  a  high  temperature  be  employed,  as  this 
causes  a  change  in  it. 

Properties. — ^Pure  dried  inuline  forms  gray  dear 
fragments,  of  a  homy  appearance,  which  yield  on 
rubbing  a  perfectly  white  powder;  it  possesses 
neither  taste  nor  smell.  Strongly  heated  it  is 
first  converted  into  a  kind  of  gum,  becomes  brown, 
then  blackens,  with  the  evolution  of  pungent 
yapours,  and  in  the  open  air  is  entirely  consumed. 
Cold  water  but  slightly  dissolves  it  (about  3^^)  ;  on 
the  other  hand,  hot  water  takes  up  more  iJian  its 
weight ;  the  hot  solution,  unlike  paste,  is  slimy,  and 
on  cooling  precipitates  most  of  the  inuline  as  a 
powder.  Iodine  imparts  to  it  a  yellow,  not  a  blue 
colour. 


lODINUM   BROMATUM. 

lodinii  Bromidum, — Iodide  of  Bromine, — Bromide  of 

Iodine, 

Formula  :   IBrg  +  xHO. 

Preparation, — (a)  With  Bromine. — 1  Part  of  iodine 
is  rubbed  to  a  paste  with  3  parts  of  water,  poured 
into  a  narrow-necked  flask  capable  of  containing 
nearly  80  parts  of  water,  2  parts  of  bromine  added. 
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and  agitated  until  entirely  dissolyed,  then  diluted 
with  water  sufficient  to  bring  the  whole  to  60  parts, 
filtered  if  necessary,  and  kept  in  a  well-stoppered 
bottle,  in  a  dark  place. 

(6)  With  Bromide  of  potassium, — 3  Parts  of  pow- 
dered bromide  of  potassium  and  1^  of  peroxide  of 
manganese  are  mixed  and  put  into  a  glass  flask, 
with  a  long  narrow  neck  ;  a  previously-cooled  mix- 
ture of  4  parts  of  concentrated  sulphuric  acid  and 
4  of  water  are  then  added,  and  the  neck  of  the 
fiask  is  closed  with  a  cork  containing  the  shorter 
limb  of  a  glass  tube,  doubly  bent  at  right  angles,  the 
cork  is  surrounded  with  luting  and  bladder,  the 
other  limb  of  the  tube  passed  to  the  bottom  of  a 
capacious  glass  vessel  containing  1  part  of  iodine 
rubbed  up  with  3  of  water,  the  receiver  surrounded 
with  cold  water  or  snow,  and  the  generating  flask 
heated  as  long  as  red  fumes  are  evolved.  The  dark 
brown  solution  is  diluted  with  water  to  60  parts  (as 
in  process  (a)). 

Becapttulation, — (a)  Iodine  and  Bromine  readily 
combine ;  in  the  proportions  above  given,  1:2,  we 
obtain  a  deep  brown  solution  (in  which,  to  1  at.  of 
iodine,  =  1586,  a  very  little  more  than  3  at.  of  bro- 
mine, =  3000  parts,  are  present),  which  may  be 
diluted  with  water  as  desirable ;  by  filtration  any 
impurities  from  the  iodine  are  removed. 

(6)  When  bromide  of  potassium,  peroxide  of  man- 
ganese, and  sulphuric  acid  are  brought  into  contact, 
half  the  oxygen  of  the  manganese,  combining  with 
the  potassium  forms  potash,  which  with  2  at.  of 
sulphuric  acid  is  converted  into  bisulphate  of 
potash ;  the  protoxide  of  manganese  formed  com- 
bines vnth  1  at.  sulphuric  acid,  and  the  bromine  is 
evolved : — 

1  at.  KBr,  1  at.  MnOo,  and  3  at.  SO3  +  HO, 

form 
1  at.  KO  +  2SO3  +  HO,  1  at.  MnO  +  SO3, 

1  at.  Br,  and  2  at.  HO. 
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1490  Parts  of  bromide  of  potassium  require  546 
of  peroxide  of  manganese,  and  1839  of  hydrated 
sulphiiric  acid  ;  rather  more  peroxide  than  this  pro- 
portion is  ordered,  to  allow  for  any  impurities. 
3  Parts  of  bromide  of  potassium  yield  2  parts  of 
bromine,  consequently  a  bromide  of  iodine,  of  the 
same  strength  as  under  (a),  is  obtained. 

Properties. — Concentrated  bromide  of  iodine  is  a 
dark-brown  fluid,  bleaching  litmus  paper;  of  an 
extremely  penetrating  odour,  and  very  volatile. 
Diluted  as  above  directed,  it  is  a  dark  yellow.  It 
is  distinguishable  from  chloride  of  iodine  by  its 
odour  of  bromine,  by  a  deeper  yellow  colour  when 
similarly  diluted,  but  most  accurately  from  its  be- 
haviour with  chromate  of  potash  and  sulphuric 
acid,  (vide  Hydrabo.  Bbomid.),  after  the  bromine 
and  iodine  are  converted  into  bromide  and  iodide  of 
potassium  by  shaking  with  caustic  potash,  evapo- 
rating, and  heating  to  redness.  Like  solution  of 
chlorine,  when  exposed  to  the  light  it  decomposes 
water,  oxygen  being  given  off,  whilst  hydrobromic 
and  hydriodic  acids  are  formed. 


lODmUM   CHLOBATUM. 

lodinii  Chloridum, — Iodide  of  Chlorine, — Chloride  of 

Iodine, 

Formula:  IClg  +  xHO. 

Preparation. — Chlorine  evolved  from  a  mixture  of 
1^  parts  of  common  salt,  1^  parts  of  peroxide  of 
manganese,  4  parts  of  concentrated  sulphuric  acid, 
and  4  of  water,  is  conducted  into  a  mixture  of 
1  pai-t  iodine  and  3  water,  and  the  brown  liquid 
diluted  to  60  parts. 

Recapitulation. — ^The  same  may  be  said  as  in  the 
previous  article  (6),  excepting  that,  instead  of  a  salt 
of  potash,  bisulphate  of  soda  remains  in  the  residue. 
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1)  Parts  of  salt  contain  not  quite  1  part  of  chlorine, 
which  bears  the  same  proportion  to  1  part  of  iodine 
as  3  at.  Cl=1329  to  1  at.  iodine  1586. 

Properties. — Chloride  of  iodine  closely  resembles 
bromide  of  iodine,  but  smells  more  of  chlorine,  and 
when  diluted  has  a  paler  yellow  colour,  &c. 
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Poictssium, 
Fobmula:  K. 


Preparation,  —  Commercial    cream    of   tartar    is 
heated  in  a  covered  iron  crucible  so  long  as  it  gives 
off  smoke  and  flame,  when  this  ceases  the  crucible 
is  removed,  and,  still  covered,  allowed  to  cool.     20 
Parts  of  this  ash  (which  should  not,  however,  ex- 
ceed 20  ounces)  are  finely  powdered,  mixed  with  1 
part  of  finely-powdered  and  2  parts  of  coarsely- 
powdered  (about  the  size  of  linseed)  wood  charcoal, 
and  put  into  a  wrought  iron  bottle,  which  has  pre- 
viously been  covered  about  a  J  of  an  inch  thick  with 
a  mixture  of  2  parts  powdered  Hessian  crucible,  1 
part  of  white  bole,  ^  part  of   cowhair,  mixed  up 
to  a  pasty  consistence  with  water,   and  applied  in 
several  even  layers  ;  about  six  inches  of  an  ordinary 
musket  barrel  is  then  screwed  into  the  opening  of 
the  bottle,  and  the  lower  portion  surrounded  with 
luting.     The  iron  bottle  is  now  placed  horizontally 
in  a  wind  furnace,  and  the  hinder  portion  raised 
vnth  a  piece  of  brick  to  al  evel  position,  the  weight 
of  the  front  being  supported  by   the  tube,  wMch 
must  project,  not  more  than  two  inches,  through  a 
hole  in  the  side  of  the  furnace  ;  the  opening  is  then 
luted  round  with  clay.    The  receiver  consists  of  two 
rectangular  cases  of  copper  plate,  about  12  inches 
deep,  6  or  7  inches  long,  and  2  to  2^  inches  wide, 
which  shut  into  each  other,  the  outer  one  being  open 
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above  and  the  inner  one  below.  The  inner  jnism 
has  three  perforations  near  the  upper  end,  yiz.,  2  in 
the  smaller  sides  exactly  opposite  each  other,  the 
first  to  admit  the  musket  barrel,  which  must  pro- 
ject about  an  inch  into  the  vessel,  the  second  being 
closed  with  a  cork  ;  the  third  perforation  is  in  the 
broader  side  of  the  case,  near  tiie  second  one,  and 
is  also  stopped  with  a  cork,  through  which  is 
passed  a  glass  tube,  bent  downwards  at  right  angles, 
and  dipping  into  a  bottle  which  is  §  filled  with 
mineral  naptha.  The  exterior  copper  case  is  about 
^  filled  with  mineral  naptha,  and,  after  the  inner 
one  is  fitted  in  it,  placed  in  an  earthen  or  iron 
vessel,  having  a  perforation  near  the  bottom  of  it, 
which  is  to  be  filled  with  ice.  The  gun  barrel  is  to 
be  luted  into  the  aperture  of  the  receiver  with  a 
mixture  of  oil  and  bole,  and  this  may  also  be 
applied  where  the  two  copper  cases  join,  to  prevent 
the  possibility  of  any  water  finding  access  and 
causing  the  infiiunation  of  the  potassium.  The 
apparatus  is  exemplified  as  below : — 

(a)  is  the  iron  bottle  in  the  bed  of  the  furnace,  (b) 
the  support  at  the  farther  end,  (c)  the  gun  barrel^ 
(d)  the  inner  copper  case,  (e)  the  perforation  to  re- 
ceive the  musket  barrel,  (/)  the  perforation  with, 
the  cork  (this  is  used  to  pass  the  cleansing  rod 
through),  (ff)  is  the  perforation  into  which  is  fitted 
the  glass  tube,  (A)  the  external  copper  case  of  the 
receiver,  (t)  the  cooling  vessel  filled  with  ice,  {k)  the 
glass  tube,  (I)  the  glass  bottle  filled  with  mineral 
naptha,  into  which  the  glass  tube  d^.  (p)  the 
inner  side  view  of  the  inner  casing ;  03)  side  view 
of  the  outer  casing ;  (I)  side  view  of  tne  receiver 
on  the  smaller  side,  to  show  the  fastening  of  the 
glass  tube. 

After  the  apparatus  is  thus  arranged  and  the 
luting  dry,  the  gun  barrel  and  receiver  being  still 
disconnected,  a  fire  is  lighted  in  the  furnace,  com- 
mencing at  the  end .  fSeurthest  from  the  receiver ;  it 
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must  be  gentle  at  first,  to  drive  off  any  adhering 
moisture,  and  not  allow  any  of  the  powder  to  be  car- 
ried with  it ;  the  furnace  is  gradually  filled  with  fuel, 
so  that  the  iron  bottle  becomes  white  hot,  and  this 
temperature  is  uniformly  maintained  during  the 
process.  As  soon  as  the  reduction  of  the  charcoal 
commences,  which  is  known  by  the  appearance  of 
greenish  vapours  in  the  interior  of  the  iron  bottle, 
the  receiver  is  attached  and  fastened  with  oil  luting, 
the  cooler  having  previously  been  filled  with  ice. 
Together  with  the  potassium  a  quantity  of  gas  is 
given  off,  and  passes  through  the  glass  tube  and  the 
naptha,  into  which  the  latter  dips.    By  this  stream 
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of  gas,  which  must  be  neither  too  strong  nor  too 
feeble,  the  progress  of  the  operation  is  judged. 
From  time  to  time  (that  is,  every  5  to  10  minutes), 
a  long  iron  rod  is  introduced  into  the  gun  barrel 
through  the  perforation  opposite  (which  is  at  other 
times  closed  with  a  cork),  to  ascertain  whether  it  is 
stopped  at  all.  If  this  is  omitted,  the  gun  barrel 
becomes  gradually  filled  with  a  gray  mass,  and  at 
last  so  much  as  effectually  to  close  it,  when  nothing 
remains  but  to  stop  the  process.  The  importance 
of  attending  to  this  is  soon  too  plain  to  an  operator. 
Of  scarcely  less  importance  is  the  cooling,  for  which 
water  is  insufficient,  and  ice  must  be  used  and  re- 
newed from  above  as  it  melts  and  escapes  through 
the  opening  below.  The  progress  or  ending  of  ti^e 
process  may  be  judged  from,  the  cork-stopped 
aperture  as  well  as  the  stream  of  gas ;  if,  for 
instance,  a  circle  of  green  flame  is  visible  in  the  iron 
bottle,  potassium  is  still  coming  oyer;  if»  on  the 
other  hand,  this  is  not  perceptible,  and  though  the 
fire  is  a  good  one,  no  more  gas  is  evolved  on  closing 
the  aperture,  the  fire  is  allowed  to  go  out.  20 
Ounces  of  carbonized  tartar  re(^uire  heating  from 
3  to  4  hours. 

When  the  apparatus  is  thoroughly  cool,  the  re- 
ceiver is  emptied  into  a  deep  porcelain  dish,  and 
after  the  carbonaceous  and  gray  portions  are  picked 
out,  tied  up  in  a  linen  bag,  placed  in  a  dish  of 
mineral  naptha  on  a  sand  bath,  heated  to  boiling, 
and  the  potassium  squeezed  out  between  the  fingers, 
when  it  forms  little  shining  globules,  which  on 
cooling  must  be  preserved,  together  vnth.  that  ob- 
tained pure  at  first,  in  mineral  naptha,  in  a  well- 
stoppered  bottle.  Ilie  potassium  from  20  parts  wUl 
equal  2  or  3. 

Recapitulation. — On  heating  tartar   (bitartrate  of 

potash,  =K0  +  T,  HO  +  T)  the  tartaric  acid  decom- 
poses, forming,  besides  several  volatilized  products  (as 
paratartaric  acid,  formic  acid,  empyreumatlc  oil,  car- 
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bimtted  hydrogen),  carbonic  aeidy  ^pvliioh  combinfls 
inth  the  potash.  The  oxygen  and  the  hydzogen 
present  in  the  water  and  wsSd.  are  not  sufficient  to 
tahe  up  all  the  carbon,  and  as  the  oxygen  of  the 
air  has  scarcely  any  access  to  the  heated  mass,  a 
great  portion  c^  the  carbon  remains,  as  sudi,  in* 
timately  mixed  with  the  newly  formed  carbonate  of 
potash.  This  carbon,  which  nrom  20  parts  of  tartar 
will  equal  about  6  parts,  is  in  the  subsequent 
treatment,  at  a  white  heat,  the  reducing  agent  of  the 
carbonate  of  potash,  combined  with  t£  carbonic 
add  and  oxygen  of  which  it  is  eyolved  as  carbonic 
ozidegas^— 

1  at.  KO  +  COg,  and  S  at.  C,  form 
1  at.  K,  and  3  at.  CO. 

865  Parts  of  carbonate  of  potash  require,  theoreti- 
cally, for  their  entire  reduction,  not  more  than  150 
parts  of  pure  carbon ;  or,  14  parts  of  the  former, 
(contained  in  20  parts  dT  tartar  ash)  scarcely  2^ 
parts  of  the  latter. 

The  evolyed  gas  also  contains  some  carburetted 
hydrogen, =CH,  due  to  a  small  quantity  of  hydro- 
gen which  always  remains  combined  with  the  car- 
bon. The  excess  of  carbon  distributed  through  the 
mass  is  necessary  to  preyent  the  latter  from  fusing, 
and  thus  attacking  and  penetrating  the  iron  yessel ; 
as  there  is  scarcely  sufficient  from  the  reduced 
tartar  to  ensure  this,  an  extra  portion  is  added,  and 
also  some  coarser,  to  impart  a  certain  porosity  to  the 
mass.  The  remainder  of  the  process  requires  no 
further  explanation. 

The  yield  (2  to  3  parts  from  20  parts  of  tartar 
ash,  or  14  parts  of  carbonate  of  potash)  bears  no 
relation  to  the  quantity  of  potassium  contained  in 
this  salt.  The  reason  of  this  great  loss  is  partly 
due  to  imperfect  reduction,  and  partly  to  the  forma- 
tion of  a  compound  of  carbonic  oxide  and  potas- 
sium, s3£-i-7CO,  which  is  eydyed   during   the 
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process,  together  with  the  potassium,  as  thick 
gray  yapours.  A  portion  of  this  potassium  and 
carbonic  oxide  condenses  in  the  gun  barrel  with 
the  potassium  yapours,  which,  as  well  as  a  little 
charcoal  mechanically  carried  oyer,  cause  its 
stoppage.  The  other  portion  of  the  carbonic  oxide 
and  potassium  will  be  carried  over  into  the  receiver, 
and  even  into  the  glass  tube  and  bottle  connected 
with  it.  When  this  compound  comes  in  contact 
with  water  or  moisture,  it  gives  rise  to  the  forma- 
tion of  several  products,  which,  however,  have 
nothing  to  do  with  the  formation  of  potassium. 
For  instance,  it  decomposes  water,  evolves  hydro- 
gen, and  becomes  converted  into  a  reddish  salt, 
rhodizonate  of  potash— 3K0  +  C7O7 : — 

1  at.  3K+  7C0,  and  3  at.  HO,  form 
1  at.  3K0  +  C7O7,  and  3  at.  H. 

The  rhodizonate  of  potash  again  separates  into 
free  potash,  oxalate  of  potash,  and  eroconate  of 
potash : — 

1  at.  3K0  +  C7O7,  forms 
1  at.  KO,  1  at.  KO  +  Cfi^t  a»d  1  at. 
KO  +  CgO^. 

Properties. — ^Potassium  forms  lustrous  globules, 
resembling  mercury,  and  of  spec.  gray.  0*865.  At 
the  ordinary  temperature  it  is  soft,  and  may  be  cut 
like  wax ;  it  is  entirely  fluid  far  below  the  boiling 
point  of  water  (at  120°  Fah.),  whilst  at  a  red  heat  it 
boils  and  passes  ofif  in  greenish  yapours.  If  during 
the  heating  the  air  has  had  access,  it  ignites  and 
bums,  with  a  violet-red  flame,  to  potash.  Exposed 
to  the  air,  at  the  ordinary  temperature,  it  quickly 
becomes  covered  with  a  gray  crust  (the  commence- 
ment of  the  oxidation),  and  is  gradually  converted 
into  a  slimy  mass  of  caustic  and  carbonate  of 
potash.  In  water  it  bums  with  violence,  abstract- 
ing the  oxygen,  and  liberating  the  hydrogen,  which 
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aceompaxiied  by  partidee  of  potassium  bums  with 
ft  'violet-Ted  flame.  Eyen  under  purified  mineral 
naphtha,  itgradually  oxidizes  (&om  &e  oxyeen  which 
ia  absorbed  from  the  air  by  the  naptha),  becoming 
incrusted  with  potash. 
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JRptoim  BronUdum, — Bromide  of  PoUumun, 

Fobmttla:  KBr. 

Prtpmration. — (a)  With  catutio  pota$h  toktHon,-^ 
Freshly-prepared  caustic  potash  solution,  spec,  gray, 
1*388,  is  poured  into  a  glass  cylinder,  and,  during 
constant  stirring  with  a  glass  rod,  bromine  is  added 
in  small  portions,  until  the  liquid  acquires  a  per- 
manent red  colour.  7  Parts  of  caustic  potash  solu- 
tion, of  the  abo?e  gravity,  require  3  parts  of  bro- 
mine. The  liquid  is  now  evaporated  to  dryness  in 
a  porcelain  dish,  the  residue  finely  powdered, 
intimately  mixed  with  \  its  weight  of  finely-pul- 
yerized  wood  charcoal,  and  the  mixture  added 
by  spoonfuls  to  a  red-hot  iron  crucible;  when 
effloresced,  it  is  heated  to  redness  for  about  a  |  of 
an  hour,  the  crucible  removed  from  the  fire,  and  the 
contents  poured  out.  The  cooled  mass  is  dissolved 
in  double  its  weight  of  warm  water,  the  solution 
filtered,  and  placed  in  a  cool  spot  to  crystallize. 
After  24  hours,  the  crystals  formed  are  separated 
from  the  supernatant  Hquor,  dried  with  a  gentle 
heat,  and  the  solution  again  evaporated  to  crystal- 
lization. The  last  portion  of  mother  liquor,  which 
reacts  strongly  alkaline,  is  evaporated  to  dryness 
and  exhausted  with  hot  alcohol,  of  80  per  ct.  The 
yield  from  8  parts  bromine  will  be  4^  parts. 

(6)  With  Bromide  of  iron, — ^As  under  the  article 
**  Febr.  Bbom.*'  ;  2  parts  of  bromine,  2  of  water 
and  1  of  iron,  are  digested,  filtered,  the  residue 
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washed  with  2  parts  of  water,  the  solution  warmed 
in  a  porcelain  dish,  and  during  agitation  with  a  glass 
rod  1^  of  dry  carbonate  of  potash  are  added.  The 
turbid  mixture  should  now  possess  a  feebly  acid 
reaction,  but  if  after  waiting  some  little  time  the 
blue  litmus  paper  remains  unchanged,  and  turmeric 
paper  is  rendered  brown,  a  little  more  bromide  of  iron 
must  be  prepared  and  added,  xuitil  the  mixture  ac- 
quires a  faint  acidity.  Hereupon  the  whole  is 
evaporated  to  dryness,  the  residue  heated  to  redness 
for  j-  of  an  hour  in  an  iron  pot,  then  digested  with 
water,  filtered  and  eyaporated  to  crystallization. 
The  yield  the  same  as  imder  (a). 

Recapitulation, — (a)  When  bromine  comes  in  con- 
tact with  a  solution  of  caustic  potash,  the  latter  is 
immediately  decomposed  6  at.  of  potash  giying  5  at. 
of  oxygen  to  1  at.  of  bromine,  which  is  thus  con- 
Terted  into  bromic  acid,  and  uniting  with  the 
remaining  atom  of  potash  forms  bromate  of  potash ; 
the  5  at.  of  free  potassium  uniting  with  5  other 
atoms  of  bromine  to  5  at.  of  bromide  of  potasaiiim  :-— 

6  at.  KO,  and  6  at.  Br,  form 
1  at.  KO  +  BrOfi,  and  5  at.  KBr, 

3540  Parts  of  potash  or  13615  parts  of  potash  solu- 
tion, spec.  gray.  1*333  (»26  per  ct.  pure  potash) 
require  6000  parts  of  bromine.  Considerable  heat  is 
eyolyed  during  the  reaction,  in  consequence  of  which 
the  bromine  must  be  added  gradually  to  the  potash. 
So  long  as  the  liquid  is  warm  the  bromide  of  potas- 
sium remains  dissolyed,  but  the  bromate  of  potash 
on  accoimt  of  its  difficult  solubility  mostly  s^>arates 
as  a  white  crystalline  powder.  The  caustic  potash 
solution  must  be  freshly  prepared,  otherwise  it  will 
most  likely  contain  carbonic  acid  which  is  but  im- 
perfectly driven  off  by  the  action  of  the  bromine ;  to 
make  sure  that  all  the  potash  is  combined  with 
bromine,  the  latter  is  added  in  slight  excess,  a  large 
excess  is  to  be  avoided  as  it  is  given  off  on  evapo- 
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nttfaig  to  dryness  and  wasted.  To  conTert  tha 
bromate  of  potash  into  bromide  of  potassium,  it  is 
heated  to  redness  with  powdered  cnarcoal,  bj  this 
all  the  oxygen  is  abstracted  and  erolved  as  carbonic 
oxide: — 

1  at.  KO  -i-  BrOfi,  and  6  at.  C,  form 
1  at.  KBr,  and  a  at.  CO. 

S090  Parts  of  bromate  of  potash  or  964s0  parts  of  the 
drj  saline  mass  (which  contains  1  at.  or  2090  parts  of 
bromate  of  potash,  and  5  &U^  7450  parts  of  bromide 
of  potassium)  require  only  450  parts  of  carbon  ;  of 
common  wood  charcoal,  more  must  of  course  be 
taken.  The  action  of  the  carbon  causes  a  slight 
deflagration,  and  occupies  even  with  moderately 
large  quantities  but  litt&  time. 

Commonly  the  bromate  of  potash  is  reduced  by 
aimply  beating  the  saline  residue  to  redness,  or  by 
passing  sulphuretted  hydrogen  through  its  solution. 
Tf  either  (d  these  methods  is  to  be  recommended ; 
the  first  requrres  a  long  continued  heat  to  drive  off 
all  the  oxygen,  and  renders  a  portion  of  the  bromide 
of  potassium  liable  to  be  driven  off.  In  the  second 
method  the  hydrogen  of  the  sulphuretted  hydrogen 
combines  with  the  oxygen  of  the  bromate  of  potash, 
forming  water,  whilst  sulphur  precipitates  : — 

1  at.  KO  +  BrOg,  and  6  at.  HS,  form 
1  at.  KBr,  6  at.  HO,  and  6  at.  S. 

At  the  same,  time,  however,  a  little  sulphuric  acid  is 
formed,  a  portion  of  the  bromic  acid  and  sulphuretted 
hydrogen  forming  sulphate  of  potash,  hydrobromic 
acid,  and  oxygen : 

3  at.  KO  +  BrOj,  and  3  at.  HS,  form 
3  at.  KO  +  SO3,  3  at.  HBr,  and  6  at.  O. 

The  liberated  oxygen  uniting  with  2  at.  of  the  pre- 
cipitated su^hur  to  sulphuric  acid  now  decomposes 
a  fresh  portion  of  bromate  of  potash,  the  acid  of 
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which  forms  with  a  fresh  atom  of  sulphturetted  hy- 
drogen sulphur,  water  and  hydrobromic  acid  :— 

6  at.  O,  2  at.  S.  and  2  at.  KO  +Br05,  form 
2  at.  KO  +  SO3,  and  2  at.  BrOj. 

further 
2  at.  BrOg,  and  12  at.  HS,  form 
12  at.  S,  10  at.  HO,  and  2  at.  HBr. 

{b)  Protobromide  of  iron  and  carbonate  of  potash 
are  mutually  decomposed,  forming  bromide  of  potas- 
sium and  proto-carbonate  of  iron  : 

1  at.  FeBr,  and  1  at.  KO  +  CO^,  form 
1  at.  KBr,  and  1  at.  FeO  +  CO^. 

1000  Parts  of  bromine  (=  1350  parts  of  protobromide 
of  iron)  require  865  parts  of  carbonate  of  potash  or 
2  parts  of  bromine  l-^  parts  of  the  latter.  A  portion 
of  carbonic  acid  bemg  evolyed  causes  the  efier- 
yescence.  The  reason  why  the  mass  possesses  a 
feeble  acid  reaction,  or  in  other  words,  why  a 
very  small  portion  of  proto-bromide  of  iron  should 
remain  imdecomposed,  is  to  insure  that  no  excess  of 
alkali  is  present,  and  that  a  neutral  salt  shall  be 
formed.  By  evaporating  the  turbid  green  mass,  all 
the  proto-carbonate  of  iron  is  converted  into  hy- 
drated  peroxide,  and  the  latter  as  well  as  the  slight 
excess  of  protobromide  of  iron,  when  heated  to 
redness  forms  anhydrous  peroxide,  from  which  the 
bromide  of  potassium  is  separated  by  water. 

Properties. — Bromide  of  potassium  crystallizes  in 
white  cubes  and  octohedra,  is  permanent  in  the  air, 
odourless,  of  a  sharp  saline  afterwards  cooling  taste, 
resembling  common  salt.  On  heating  it  decr^itates 
like  salt,  and  fuses  to  a  clear  liquid  without  decom- 
position ;  in  a  strong  red  heat  it  volatilizes,  although 
but  slowly.  It  dissolves  in  4  parts  of  cold  and  in  its 
own  weight  of  hot  water ;  it  is  soluble  in  200  parts  of 
cold  alcohol  of  80  per  ct.,  and  in  16  parts  of  boiling, 
the  solutions  have  a  neutral  reaction.    It«  alkaline 


KALIX71C  BROMATUM.  38S 

reaction  is  due  to  adhering  carbonate  of  potash, 
caused  either  by  the  use  of  caustic  potash  solution 
not  free  from  the  latter,  or  an  excess  of  the  potash 
solution ;  under  these  circumstances  the  salt  becomes 
moist  in  the  air,  and  effervesces  with  acid.  On  the 
addition  of  hydrochloric  acid  the  salt  should  not 
become  coloured,  although  chloride  of  potassium  and 
hydrobromic  acid  are  formed ;  if,  howeyer,  it  instantly 
acquires  a  reddish  colour  bromate  of  potash  is  present. 
The  bromic  and  hydrobromic  acids  which  are  liber- 
ated  at  the  some  time,  become  mutually  decom- 
posed, forming  water  and  bromine,  which  latter 
remains  dissolved  and  occasions  the  colour : — 

6  at.  KBr,  1  at.  KO  +  BrOg,  and  6  at.  HCl,  form 
6  at.  Ka,  1  at.  HO,  5  at.  HBr,  and  1  at.BrOg ; 

further, 
6  at.  HBr,  and  1  at.  BrO^,  form 
6  at.  HO,  and  6  at.  Br. 

Sulphurie  acid  is  known  by  the  white  precipitate  it 
causes  with  chloride  of  barium.  Chloride  ofpoto^ 
Mum,  the  most  common  impurity,  cannot  be  detected 
by  nitrate  of  silver,  as  chlorine  and  bromine  are 
both  precipitated  by  it,  and  the  precipitates  are 
soluble  in  caustic  ammonia  (that  with  bromine 
rather  more  difficultly).  The  best  process  is  that 
given  under  the  article  "Hydrabo.  Bromid,"  in 
which  2  at.  of  bromide  of  potassium  react  on  1  part 
of  chromate  of  i)Otash,  and  3  at.  of  sulphuric  acid* 
Lastly  the  contamination  with  aulphuret  of  potassium 
is  to  be  considered  ;  this  occurs  when  caustic  potash 
solution  contains  sulphate  of  potash,  which  on  heat- 
ing with  carbon  gives  up  its  oxygen  to  the  latter. 
Sulphate  of  iron  causes  in  the  solution  of  the  salt  a 
black  precipitate  of  sulphuret  of  iron ;  by  the 
cautious  addition  of  protobromide  of  iron  the  sul- 
phuret is  removed ;  for 

1  at.  KS,  and  1  at.  FeBr,  form 
1  at.  KBr,  and  1  at.  FeS. 
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KALIUM  CYANATUM. 

Potaaaii  Cyanidum, — Cyanide  of  Potcuiium. 
Formula:  K  +  CaNesKCy* 

Preparation, — Into  a  capacious  flask,  which  con* 
tains  a  layer  of  silver  sand  about  an  inch  thick)  axe 
weighed  7  parts  of  water,  and  to  this  are  gradually 
added,  with  continuous  agitation,  3  parts  of  con«> 
centrated  sulphuric  acid  ;  in  another  equally  large 
flask  is  placed  a  filtered  solution  (prepared  in  the 
cold)  of  2  parts  of  dried  (not  fused)  caustic  potash, 
in  10  parts  of  alcohol  of  90  per  ct. ;  the  two  flasks 
are  connected  with  a  double-limbed  bent  tube,  one 
end  of  which  is  fitted,  by  means  of  a  cork,  so  as  to 
dip  one  inch  into  the  neck  of  the  first  flask ;  the 
other  limb  dips  to  the  bottom  of  the  second  flask, 
without  being  fixed  in  the  neck;  as  soon  as  the 
acid  mixture  has  cooled,  4  parts  of  finely-powdered 
yellow  pnissiate  of  potash  are  added  to  the  acid,  the 
cork  quickly  replaced,  and  the  flask  slowly  heated  in  a 
sand  bath  until  ^  its  contents  have  passed  oyer  into 
the  second  flask,  which  must  be  kept  perfectly 
cool ;  when  arrived  at  this  point,  the  tube  must  be 
instantly  withdrawn,  or  on  the  heat  being  remoTed 
absorption  will  take  place.  The  white  pasty  mass 
in  the  receiving  flask  is  quickly  thrown  on  a  fllter, 
allowed  to  drain,  then  washed  two  or  three  times 
with,  alcohol  of  90  per  ct.,  pressed  between  filtering 
paper,  dried  as  quickly  as  possible  with  a  gentle 
heat,  and  kept  in  a  well-closed  bottle.  The  yield  is 
about  H  pa]*ts. 

Recapitulation, — Pure  cyanide  of  potassium  can 
be  made  only  by  direct  combinations  of  pure 
prussic  acid  and  pure  potash.  If  we  endeavour  to 
obtain  it  by  evaporating  the  solution,  it  becomes 
partially  decomposed,  evolves  ammoi^a,  and  leaves 
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a  residue  of  cyanide  of  potassium  and  formiate  of 
potash : — 

1  at.  K  +  CjN,  and  4  at.  HO,  form 
1  at.  KO  +  C2HO3,  and  1  at.  KEL^, 

If  during  the  evaporation  the  air  has  free  access, 
the  potassium  becomes  oxidized,  carbonate  of  am- 
monia is  evolved,  the  residue  consisting  of  cyanide 
of  potassiimi  and  carbonate  of  potash  : — 

1  at.  K  +  C2N,  3  at.  HO,  and  2  at.  O,  form 
1  at.  KO  +  CO2,  and  1  at.  NH3  +  COg. 

"We  must  therefore  endeavour  to  bring  the  cyanide 
of  potassium,  as  soon  as  formed,  into  an  insoluble 
state,  and  this  is  most  readily  attained  by  passing  a 
stream  of  hydrocyanic  acid  vapour  into  a  spirituous 
solution  of  caustic  potash ;  cyanide  of  potassiimi, 
being  but  slightly  soluble  in  spirits  of  wine,  be- 
coming less  so  the  greater  the  strength  of  the 
latter.  As  caustic  potash  exerts  a  decomposing 
action  on  alcohol,  especially  when  warm,  the  solu- 
tion must  be  prepared  only  just  as  required,  and 
also  without  heat ;  and  for  the  same  reason  it  is  to 
be  well  cooled  during  the  transmission  of  the 
prussic  acid.  The  formation  of  the  prussic  acid  has 
been  described  under  that  article.  1920  Parts  (4 
ounces)  of  ferrocyanide  of  potassium  form  311 
parts  (311  grains)  of  prussic  acid,  which  represent 
§,  or  300  parts  of  the  cj^anogen  contained  in  the 
cyanide  of  potassium. 

These  311  parts  of  hydrocyanic  acid  require  544 
parts  of  pure  potash  to  saturate  it,  for  1  at.,  =337 
parts  of  prussic  acid,  forms,  with  1  at.,  =590  parts 
of  potash,  1  at.  =815  parts  of  cyanide  of  potas- 
sium, aud  1  at.  =112  parts  of  water.  The  potash 
used  for  solution  must  not  be  the  monohydrate, 
=  K0  +  H0,  as  this  has  an  instantaneous  action  on 
alcohol ;  but  potash  obtained  by  evaporating  its 
solution  just  to  that  point  when  a  small  portion 
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ivithdrawn  on  a  rod  solidifies  on  cooling.  In  this 
state  it  contains  about  4  at.  of  water ;  consequently, 
for  311  parts  of  prussic  acid,  960  parts  of  this 
potash  are  necessary  ;  or,  to  4  parts  of  prussiate  of 
potash,  nearly  2  parts ;  the  slight  excess  of  potash 
contained  in  these  proportions  is  remoyed  during 
the  washing  with  alcohol. 

The  cyanide  of  potassium  produced  should  be 
nearly  2  parts,  but,  owing  to  its  partial  solubility  in 
alcohol,  a  certain  portion  is  lost*  In  order  to  re- 
obtain  the  alcohol,  it  must  be  treated  with  proto- 
sulphate  of  iron  (to  fix  the  cyanogen),  and  then 
rectified. 

The  fused  cyanide  of  potassium  (see  the  follow- 
ing article)  cannot  be  used  as  the  source  of  the 
hydrocyanic  acid,  for,  on  decomposing  it,  carbonic 
acid  will  be  liberated  and  contaminate  the  cyanide 
of  potassium  with  carbonate  of  potash. 

Properties, — Cyanide  of  potassium  forms  a  snow- 
white  crystalline  powder,  is  odourless  (but  acqidres 
in  moist  air  the  smell  of  bitter  almonds),  and  of  a 
pungent  alkaline  taste,  with  that  of  bitter  almonds. 
It  is  deliquescent  in  the  air,  and  in  this  state  de- 
composes, giving  off  prussic  acid,  and  becoming  at 
last  entirely  ccurbonate  of  potash : — 

1  at.  KCy,  1  at.  HO,  and  1  at.  COj,  form 
1  at.  KO  +  CO2,  and  1  at.  HCy. 
If  an  aqueous  solution  of  the  salt  is  kept  in  a 
corked  bottle,  it  gradually  acquires  a  brown  colour, 
and  a  dark  brown  matter  separates,  owing  to  the 
decomposition  of  the  liberated  prussic  acid  into 
soluble  cyanide  of  ammonium  and  insoluble  nitro- 
genized  carbon : — 

4  at.  HCy,  form 

1  at.  NH^Cy,  and  2  at.  C3N. 

Heated  it  fuses  (and  if  no  air  be  admitted),  without 
decomposition. 
Any  contamination  with  iron    (ferrocyanide  of 


potaBshim)  may  be  known  bj  the  addition  of  a  so- 
lution of  sulphate  of  copper,  and  treating;  the  Tel* 
lowish-gray  precipitate  tlius  obtained  with  hydio- 
<^oric  add,  when,  instead  of  becoming  white  and 
finally  cUsappeazing,  it  will  acquire  a  reddish 
colour.  It  forms  cyanide  of  copper  and  (chocolate- 
brown)  ferrocyanide  of  copper  (vide  Acid.  Aobt.)  ; 
the  former  of  these  is  first  reduced  by  the  acid  to 
white  protocyanide  of  copper  and  then  dissolyed, 
whilst  the  latter  remains  unaltered,  at  least  in  the 
cold.  If  carbonate  of  potaeh  is  present  it  gi^es, 
with  a  solution  of  chloride  of  calcium,  a  white  pre- 
cipitate, soluble  in  acids,  with  efitBrrescenoe.  Sal" 
pkate  of  potash  is  detected  bv  its  precipitate  with 
buTta  salts,  insoluble  in  free  hydrochloric  or  nitric 
ados.  To  discover  cMoride  of  potaeaittm  the  salt 
must  be  distilled  with  sulphuric  add,  and  the  dis- 
tillate tested  as  imder  prussic  add.  It  difGors  from 
the  following  preparation,  in  giving,  when  treated 
with  dilute  sulphuric  acid,  no  carlxmic  acid. 


KALIUM  CYAKATUM   FUSUM. 

Potassii  Cyanidum  Fusum. — Fused  Cyanide  of 

Potassium, 

Formula  :  7KCy  +  3(K0  +  CyO). 

Preparation, — 8  Parts  of  yellow  prussiate  of 
potash  are  finely  powdered,  thoroughly  dried  with 
a  gentle  heat,  intimately  mixed  with  3  parts  of 
pure  carbonate  of  potash,  the  mixtiire,  thrown  by 
spoonfuls  into  a  red-hot  Hessian  or  iron  crudble, 
allowed  to  remain  in  the  fire  until  thoroughly  fluid 
and  a  glass  rod  or  iron  spatula  dipped  into  it  and 
withdrawn,  becomes  covered  with  a  clear  liquid, 
which  on  cooling  solidifies  to  a  white  (not  at  all 
yellow)  mass.  When  this  point  is  attained,  the 
crucible  is  removed  from  the  fire,  over  which  it  is 
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held  for  a  few  minutes  to  allow  the  black  particles 
swimming  in  it  to  subside  the  more  readily;  the 
clear  liquid  poured  on  a  clean  iron  dish,  broken 
into  small  pieces  so  soon  as  it  has  solidi&ed,  and 
kept  in  well-closed  vessels.  The  yield  will  be  &om 
6  to  6|  parts. 

Recapitulation, — Ferrocyanide  of  potassium,  de- 
prived of  its  water  of  crystallization,  consists  of 
2KCy  +  FeCy.  By  fusing  this  with  an  equivalent 
of  carbonate  of  potash,  the  oxygen  of  half  the 
potash  combines  with  half  the  cyanogen  of  the 
cyanide  of  iron  to  cyaiiic  acid,  which,  with  the 
other  half  of  the  potash,  forms  cyanate  of  potash, 
sKO  +  CyO;  the  potassium  liberated,  with  the 
other  half  of  the  cyanogen  of  the  cyanide  of  iron, 
forms  cyanide  of  potassium ;  the  iron  separates,  in 
a  metaUic  state,  as  grayish-black  flakes,  and  the 
carbonic  acid  is  evolved : — 

2  at.  2KCy  +  FeCy,  and  2  at.  KO  +  CO2, 

form 
5  at.  KCy,  1  at.  KO  +  CyO,  2  at.  Fe,  and 

2  at.  CO2. 

4610  Parts  of  anhydrous,  or  5285  parts  of  crystal- 
lized (containing  3  at.  of  water)  ferrocyanide  of 
potassium  require  1730  parts  of  carbonate  of  potash, 
which  nearly  agree  with  the  proportions  given: 
8  and  3  parts.  The  above  explanation  of  the  pro- 
cess is  not  perfectly  correct ;  for,  instead  of  5  at. 
of  cyanide  of  potassium  and  1  at.  of  cyanate  of 
potash,  I  find  that  the  salt  has  pretty  constantly  the 
formula,  7KCy+  3(K0+  CyO).*  The  reason  of  it 
is  most  likely  this,  that  the  greater  part  of  carbonic 

♦  The  portions  of  salt  prepared  at  three  diflferent  times  gave, 
on  precipitation  with  nitrate  of  silver,  from  20  grains  26.4, 26.5, 
and  2675  grains  cyanide  of  silver,  the  mean  =  2655  grains.  These 
26'5  grains  cyanide  of  silver  correspond  to  12*93  grrains  cyanide  of 
potassium,  consequently  ttom  20  grains  of  the  salt  there  remain 

707  grains  for  cyanate  of  potash.    The  compound  7KC)y  + 

S(KO  +  CyO)  consists  in  20  parts  of  13*01  KCy  and  6  96  KO  +  CyO. 
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add  libeirated  becomes  depriyed  of  half  of  its  oxy- 
gen by  a  portion  of  the  oyanide  of  potassium,  and  is 
consequently  evolyed  as  carbonic  oxide.  If  Parts 
of  every  2  at.  of  carbonic  acid  are  thus  reduced ; 
(to  aToid  fractions  we  will  suppose^  at  first  26  at. 
kCy  and  6  at.  £0  +  CyO  are  fimned,  and  10  at.  of 
carbonic  acid,  of  which  8  at.  give  np  half  their 
oxygen « 8  at.  to  4  at.  cyanide  of  potassium  to  form 
4  at.  cyanate  of  potash  and  8  at.  carbonic  oxide : — 

8  at.  COg^and  4  at.  KCy,  form 
4  at.  KO  +  CyO  and  8  at.  CO. 

Of  the  26  at.  KCy  there  remain  21  at. ;  and  to  the  5 
at.  KO  +  CyO  4  more  are  added,  making  21  at.,  KCy 
and  9  at.  KO  +  CyO,  which  stand  in  the  relation  to 
each  other  of  7  to  3.  The  oxygen  of  the  air  may  also 
exert  a  partial  oxidising  agency  on  the  cyanide. 
Besides  tiie  products  alx^eady  mentioned,  when  the 
carbonate  of  potash  or  ferrocyanide  of  potassium  is 
not  thoroughly  dry,  ammonia  is  also  farmed  (vide 
previous  preparation),  and  being  evolyed  on  fusing, 
is  detected  by  its  odour. 

The  mixture  must  be  added  to  the  crucible  by 
small  quantities  at  the  time,  to  allow  of  its  being 
covered  by  the  fused  portion,  as  all  which  adheres 
to  the  sides  of  the  crucible  above  this  does  not  form 
a  pure  product.  It  is  necessary  to  take  care  that  no 
particles  of  iron  remain  floating  in  the  mass  previous 
to  pouring  it  out. 

8  Parts  of  prussiate  of  potash  and  3  parts  of  car- 
bonate of  potash  should  produce  more  tiian  7  parts, 
but  the  yield  is  never  so  high  as  this,  in  consequence 
of  a  portion  adhering  to  the  crucible.  To  avoid 
wasting  this,  the  crucible  is  well  washed  with  cold 
water,  filtered  as  quickly  as  possible,  and  the  solu- 
tion used  to  form  other  metallic  cyanides,  as  cyanide 
of  zinc,  by  adding  to  it  a  solution  of  sulphate  of 
zinc,  &c.  It  is  seldom,  however,  that  a  solution  of 
cyanide  of  potassium  obtained  in  this  manner  is  free 
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from  iron  ;  as  the  particles  of  this  metal  in  the  cm- 
cible  abstract,  during  the  digestion  with  water,  a 
portion  of  the  cyanogen  from  the  cyanide  of  potas- 
sium and  form  with  another  portion  of  the  latter 
ferrocyanide  of  potassium ;  the  liberated  potassium, 
by  decomposing  water  and  eliminating  hydrogen, 
forming  potash  :— 

3  at.  KCy  1  at.  Fe,  and  X  at.  HO,  form 
1  at.  2KCy  +  FeCy,  1  at.  KO,  and  1  at.  H. 

Properties, — ^The  preparation  just  described  forms 
solid  white  lumps  of  a  crystalline  fracture,  odourless 
but  possessing  a  strong  alkaline  taste  like  bitter 
almonds.  In  the  air  it  deliquesces,  evolving  prussic 
acid  and  carbonate  of  ammonia,  whilst  carbonate  of 
potash  forms  the  residue.  The  prussic  acid  which 
separates  is  from  ih&  cyanide  of  potassitmi  (see  the 
previous  article),  and  the  carbonate  of  anmionia 
from  the  decomposition  of  the  cyanate  of  potash : — 

1  at.  KO  +  C2NO  and  3  at.  HO,  form 
1  at.  KO  +  CO2  and  1  at.  NH3  +  COg. 

In  closed  vessels  the  aqueous  solution  behaves  like 
that  of  the  pure  cyanide,  t.c,  it  acquires  a  brown 
colour  and  deposits  a  carbonaceous  matter.  Heated 
with  dilute  sulphuric  acid  it  evolves  hydrocyanic 
and  carbonic  acids  (consequently  when  passed  into 
lime  water  these  gases  cause  a  t\irbidness),  and  the 
residue  will  consist  of  sulphate  of  potash  and  sul- 
phate of  ammonia : — 

1  at.  7KCy  +  3  (KO  +  CjNO)  13  at.  SO3  and 

19  at.  HO,  form 
10  at.  KO  +  SO3,  3  at.  NH4O  +  SO3, 

7  at.  HCy,  and  6  at.  COg. 

Black  specks  in  the  mass  will  be  metallic  iron,  from 
want  of  care  in  pouring  it  from  the  crucible,  in 
which  case  its  solution  will  generally  have  a  slight 
yellow  tinge  (contains  ferrocyanide  of  potassium) 
and  gives  a  similar  reaction,  with  sulphate  of  copper 
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.  a»  fhe  previous  preparation  (when  thia  ia  contamir 
natod  with  iron).  Carbonate  and  ntfyhaie  qfpoiaak^ 
and  dUoride  poUtatkm^  are  alao  detected  by  the  me- 
thods described  p.  887. 
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BUBRUM. 

PoUuMnFerrideyanidum, — FerridcyoMdeofPotaBmntm, 
'-'Bed  Prueeiate  ofPotaeh, 

FoaxnuL:  SKCy  +  FcaCys. 

Preparaium, — 2  Farts  of  yellow  prussiate  of  pot- 
ash are  dissolTed  in  20  parts  of  water ;  chlorine  ia 
then  Iterated  from  3  parts  of  hydrochloric  acid,  spec, 
gray.  1*130  and  1  part  of  peroxide  of  manganese, 
and  i>a8sed  into  the  solution,  xuitil  a  small  portion 
of  it  giyes  no  blue  colour  or  precipitate  with  persalts 
of  iron,  but  only  a  brownish  colour.  The  dark  green 
and  red  solution  is  eraporated  in  a  porcelain  duh  to 
^  its  weight  and  allowed  to  crystallize ;  the  crystals, 
with  the  exception  of  the  last  portions  which  form 
and  chiefly  consist  of  chloride  of  potassium,  are 
dried  and  kept  in  a  closed  bottle  protected  from  the 
light.     Their  weight  will  be  1^  parts. 

Recapitulation, — When  chlorine  (for  the  formation 
of  this  gas  from  hydrochloric  acid  and  peroxide  of 
manganese  see  the  article  Chlobum  Aquosum)  is 
passed  into  a  solution  of  ferrocyanide  of  potassium, 
it  detaches  from  2  at.  of  the  latter  1  at.  of  cyanide 
of  potassiimi,  with  the  potassium  of  which  it  com- 
bines, whilst  the  liberated  cyanogen  imites  with  the 
2  at.  cyanide  of  iron,  and  remains  combined  with 
the  3  at.  of  cyanide  of  potassium:— 

2  at.  2KCy  +  FeCy  +  3HO  and  1  at.  CI,  form 
1  at.  SKCy  +  Fcj  Cyj,  1  at.  KCl,  and  3  at.  HO. 

5285  Farts  of  yellow  prussiate  of  potash  require  443 
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chlorine,  which  correspond  to  455  parts  of  hydro- 
chloric acid,  and  as  during  its  eyolution  the  manga- 
nese takes  up  half  of  the  chlorine,  so  910  parts  of 
anhydrous  or  3500  parts  of  hydrochloric  acid,  spec* 
gray.  1*130  (  =  26  p.  ct.  real  acid)  are  requisite. 
This  quantity  of  acid  is,  however,  not  sufficient,  as 
the  gas  is  never  completely  absorbed  during  its 
passage  through  the  solution,  and  consequently 
nearly  twice  the  calculated  quantity  of  acid  or  for  2 
parts  of  ferrocyanide  of  potassium,  nearly  3  parts  of 
hydrochloric  acid  (and  1  part  of  peroxide  of  manga- 
nese) are  found  to  be  necessary.  Soon  after  the 
eyolution  of  gas  has  commenced,  the  solution  of  the 
salt  acquires  a  dark  yellowish-green  colour,  be- 
coming at  last,  by  reflected  light,  almost  opaque, 
though  in  transmitted  light  small  quantities  show 
a  deep  red.  When  arrived  at  this  point  a  small  por- 
tion must  be  frequently  withdrawn  on  a  glass  rod 
and  tested  with  a  persalt  of  iron  as  directed.  An 
excess  of  chlorine  is  to  be  avoided  as  much  as  pos- 
sible, the  salt  already  formed  being  in  this  case  de- 
composed, whilst  a  blue  compoimd  separates.  As 
long  as  a  persalt  of  iron  causes  a  blue  precipitate  in 
this  solution,  the  latter  contains  ferrocyanide  of 
potassium ;  if,  however,  it  gives  only  a  darker 
brown,  the  conversion  is  complete,  and  the  chlorine 
must  be  immediately  discontinued.  The  brown 
colour  is  occasioned  by  the  conversion  of  the  persalt 
of  iron  into  percyanide  of  iron  whilst  its  acid  and 
oxygen  unite  themselves  to  the  potassium: — 

1  at.  SKCy  +  FegCya,  and  1  at.  FcgOa  +  SSOg, 

form 
3  at.  KO  +  SOg,  and  2  at.  FegCyg. 

The  two  atoms  of  percyanide  of  iron  thus  liberated 
remain  dissolved,  and  occasion  the  brown  colour. 
It  is  generally  recommended  to  add  a  little  caustic 
potash  solution  during  the  evaporation,  to  neutral- 
ize any  slight  excess  of  chlorine,  as,  with  every 
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attention  to  the  point  at  which  all  the  yellow  salt  is 
converted  into  the  red  prussiate,  this  is  generally 
present ;  and  if  this  chlorine  is  not  saturated  it 
exerts  a  decomposing  action,  the  last  portion  of 
crystals,  if  not  those  first  formed,  haying  a  green  or 
blue  tint.  TMs  is  certainly  the  case  ;  but  the  addi- 
tion of  potash  brings  with  it  a  still  greater  dis- 
advantage, viz.,  that  in  the  presence  of  a  free 
alkali  the  ferridcyanide  of  potassium  ia  again  con- 
verted into  ferrocyanide.  The  slightest  excess  of 
the  potash  again  imparts  to  the  liquid  the  property 
of  giving  a  blue  colour  or  precipitate,  with  persedts  of 
iron.  The  last  portion  of  the  mother  liquor  gives 
a  salt  containing  chloride  of  potassium,  but  the 
solution  may  be  used  as  a  re-agent.  The  salt  must 
not  be  exposed  to  the  action  of  the  light,  which 
causes  in  it,  as  in  all  ferruginous  compounds  corres- 
ponding to  the  oxide  of  iron,  a  partial  reduction ; 
the  percyanide  is  converted,  with  the  loss  of 
cyanogen,  into  proto-cyanide,  and  the  compound 
acquires  the  property  of  precipitating  persalts  of 
iron  blue.  This  precaution  is  still  more  necessary 
with  the  solution. 

Properties. — The  ferridcyanide  of  potass*  um  forms 
ruby-red  rhombic  prisms,  as  well  as  (in  the  last 
portions  crystallized)  yellowish  -  rer'  or  bronze- 
coloured  needles ;  is  odourless,  and  of  a  cooling 
saline  taste,  becoming  metallic  on  the  palate. 
Heated  in  a  test  tube,  the  crystals  fly  into  ex- 
tremely minute  fragments,  which  fuse  (but  with 
difficulty)  and,  evolving  cyanogen,  leave  a  black 
residue,  consisting  of  cyanide  of  potassium  and 
paracyanide  of  iron  (iron  with  les!i  cyanogen  than 
FeCy).  It  dissolves  in  3^  parts  of  cold,  and  less 
than  2  parts  of  boiling  water,  but  not  in  alcohol : 
the  solution  has  a  neutral  reaction.  Any  contami- 
nation with  ferrocyanide  is  detected  by  the  blue 
colour  persalts  of  iron  cause  in  its  solution.  ( Vide 
Acid.  Acet.) 
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KALIUM   CYANATUM   SULPHURATUM. 

Potasaii  Sulpkocyanidum, — Potassa  SulphO'Hydroey' 
anas, — Sulphocyanide  of  Potassium, 

Formula  :  K  +  CySj. 

Preparation,-^^  Parts  of  ferrocyanide  of  potassiimi 
are  rubbed  to  a  fine  powder,  thoroughly  dried,  mixed 
with  3  parts  of  carbonate  of  potash  and  6  parts  of 
sulphur ;  the  whole  of  the  mixture  is  placed  in  a 
Hessian  crucible,  at  a  low  red  heat,  which  is  then 
covered,  and  when  the  mass  has  fused  to  a  dear 
liquid,  the  heat  continued  for  a  quarter  of  an  hour, 
and  the  fluid  poured  on  a  clean  iron  plate.  The 
black  mass  thus  obtained  is  powdered,  and  digested 
with  six  times  its  bulk  of  spirits  of  wine  of  80  per 
ct.  for  some  hours,  then  filtered  and  the  residue 
washed  with  more  alcohol.  The  alcohol  is  distilled 
from  the  solution,  the  remaining  salt  dissolyed  in 
water  and  crystallized.  The  crystals  are  dried  as 
quickly  as  possible  with  a  gentle  heat  and  kept  in 
well  closed  yessels.    The  product  should  be  8  parts. 

Recapitulation, — On  fusing  anhydrous  ferrocyanide 
of  potassium,  carbonate  of  potash  and  sulphur  to- 
gether, sulphocyanide  of  potassium  and  sulphuret 
of  iron  are  formed  whilst  the  carbonic  acid  and  oxy- 
gen of  the  potash  (as  sulphurous  acid)  are  evolved  :— 

2  at.  2  KCy  +  FeCy,  2K0  +  COj  and  17  at.  S,  form 

6  at.  KCySa,  2  at.  FeSg,  2  at.  COg,  and  1  at.  SOg. 
4610  Parts  of  dry  or  5285  parts  of  crystallized  ferro- 
cyanide of  potassium  require  1730  parts  of  carbonate 
of  potash,  and  3400  parts  of  sulphur.  Alcohol  ab- 
stracts only  the  pure  sulphocyanide  of  potassium, 
whilst  the  sulphuret  of  iron,  any  undecomposed 
ferrocyanide  of  potassium,  carbonate  of  potash,  or 
excess  of  sulphur  remain. 
8  Parts  of  crystallized  prussiate  of  potash  should, 
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by  calculation,  yield  9  parts ;  the  losB  is  due  to  ab- 
Borptioii  by  the  porous  crucible. 

Properties, — Sulphocyanide  of  potassium  fomui 
colourless  and  odourless  crystals,  which  in  form  and 
t€uste  resemble  nitre,  they  deliquesce  in  the  air.  It 
is  rather  less  soluble  in  alcohol  than  in  water ;  its 
solutions  haye  a  neutral  reaction.  The  great  de- 
pression of  temperature  caused  in  dissolving  this 
salt  is  worthy  of  notice.  With  persalts  of  iron  it 
forms  a  blood-red  liquid  {mde  Bism.  Nitb.)  ;  if  it 
contains  ferrocyanide  of  potassium  the  blue  color- 
ation or  precipitate  mil  also  be  present,  (Aoid 
Acetic). 


KALIUM  lODATUM. 

Potassii  lodidum, — Iodide  of  Potassium.-^Hydrio* 

date  of  Potash, 

Fo&MULA :  KI. 

Preparation,  —  After  carefully  testing  all  the 
methods  recommended  for  the  preparation  of  this 
compound,  I  give  the  preference  to  the  process  re- 
sembling that  given  under  the  article  "Kalium 
Bromatum  ;"  it  is  as  follows  : 

(a)  To  freshly  prepared  solution  of  caustic  potash 
spec.  gray.  1*333,  in  a  cylindrical  glass  vessel,  dry 
iodine  is  added,  with  constant  stirring,  and  without 
the  application  of  heat,  until  the  solution  acquires  a 
brownish-yellow  colour,  and  retains  it  when  allowed 
to  stand  some  hours.  To  4  parts  of  caustic  potash 
of  the  above  spec.  grav.  3  parts  of  iodine  will  be 
requisite.  The  solution  and  any  precipitate  that  may 
have  formed,  are  now  poured  into  a  porcelain  dish 
evaporated  to  dryness,  finely  powdered,  then  in- 
timately mixed  with  ^  its  weight  of  well  powdered 
wood  charcoal  and  the  mixture  projected  by  spoon- 
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fills  into  a  red  hot  iron  crucible ;  the  heat  is  con- 
tinued for  a  quarter  of  an  hour,  and  the  crucible 
emptied  into  some  iron  vessel.  The  cooled  mass 
and  the  portions  adhering  to  the  crucible  are  treated 
-with  their  weight  of  water  in  a  porcelain  dish,  and 
the  solution  aided  by  heat ;  the  liquid  is  then  filtered 
and  evaporated  slowly  to  crystsdlization,  which  is 
repeated  with  the  mother  liquors,  until  they  are  re- 
duced to  a  small  quantity.  The  crystals  are  drained 
from  the  mother  Hquor  in  a  funnel,  thoroughly  dried 
on  a  flat  dish,  and  kept  in  a  well-closed  bottle.  3 
Parts  of  iodine  yield  nearly  4  parts. 

The  last  of  ^e  mother  liquor  generally  reacting 
strongly  alkaline,  is  treated,  if  of  sufficient  quantity, 
with  alcohol  of  80  per  ct,  which  leaves  the  carbonate 
of  potash. 

(b)  Iodide  of  iron  as  described  under  the  article 
Ferbum  Iodatum,  is  formed  with  4  parts  of  iodine, 
8  of  water,  and  1  of  iron,  then  filtered  and  the  residue 
washed  with  4  parts  of  water.  The  filtered  solution 
is  poured  into  a  porcelain  dish,  and  2j  parts  of  car- 
bonate of  potash  gradually  added  during  constant 
stirring ;  the  mass  which  has  still  a  feebly  acid 
reaction,  is  evaporated  to  dryness,  and  heated  to 
redness  in  a  cast-iron  pan  for  ^  of  an  hour ;  when 
cool,  it  is  exhausted  with  water,  and  the  clear  solu- 
tion crystallized.    The  yield  is  over  5  parts. 

Recapitulation,  (a) — Just  as  in  the  formation  of 
bromide  of  potassium  :— 

6  at.  KO,  and  6  at.  I,  form 
1  at.  KO  -I-  IO5,  aud  5  at.  KI. 

3540  Parts  of  potash  or  13615  of  potash  solution, 
spec.  grav.  1*333  require,  9516  parts  of  iodine,  or  4 
parts  of  solution  nearly  3  parts  of  iodine,  and  as  a 
slight  excess  of  the  latter  is  requisite,  3  parts  are 
necessary.  The  caustic  potash  solution  must  of 
course  be  freshly  prepared  and  pure.  It  is  heated 
to  redness  with  charcoal  for  the  same  reason  as 
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bromide  of  potassium,  yiz.  to  &cilitate  the  decom- 
positioii  of  ^e  iodate  of  potash: — 

1  at.  KO  +  IOfi,  and  6  at.  C,  fona 
1  at.  KI,  and  6  at.  CO. 

2676  Parts  of  iodate  of  potash  or  13056  parts  of  the 
dry  saline  mass  require  only  450  parts  of  charcoaV 
but  on  acoount  of  the  impurity  of  the  latter,  the 
quanti^  is  doubled. 

(6)  Tms  process  also  corresponds  exactly  with  that 
for  bromide  of  potasaiom : — 

1  at.  Fel,  andl  at.  KO  +  COs, 
1  atKI,  and  1  at.  FeO  +  CO,. 

1586  Parts  of  iodine  (—1936  parts  of  proto-iodide  of 
iron),  require  865  parts  of  carbonate  of  potash,  or  4 
parts  of  iodine  2m  parts  of  the  latter.  The  slight 
excess  of  iodide  of  &m  is  decomposed  on  heating. 

Prqp0ffM9.— Iodide  of  potassiimi  crystallizes  in- 
white  cubes  and  octohedrons,*  which  are  odourless 
and  of  a  pimgent  saline,  afterwards  slightly  bitter 
taste.  In  a  £y  atmosphere  it  remains  imchanged ; 
but  in  damp  air  the  crystals  gradually  become  yellow 
and  moist,  from  the  carbonic  acid  and  water  in  the 
air  acting  on  them,  causing  the  formation  of  carbon- 
ate of  potash  and  hydriodic  acid  ;  the  latter  is  again 
decomposed  by  the  oxygen  of  the  air  into  water  and 
iodine : — 

1  at.  KI,  1  at.  CO2,  and  1  at.  HO,  form 
1  at.  KO  +  CO2,  and  1  at.  HI. 
1  at.  HI,  and  1  at.  O,  form 
1  at.  HO,  and  1  at.  I. 

If  the  salt  contains  a  small  portion  of  carbonate  of 
potash,  it  gradually  attracts  moisture  from  the  air, 

*  In  commerce  the  opaaue  porcelain-lookiiig  crystals  are  pre- 
ferred ;  the  method  of  obtaining  these  appears  to  he  hj  allowing 
them  to  form  in  a  warm  solution.  The  evaporation  of  conne,  in 
this  case,  must  proceed  hut  ilowlr. 

M  M 
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becoming  entirely  liqnid;  the  erterior  portian  <tf' 
carbonate  of  potash  attracting  the  nunatore  teme  m 
medium  of  solution  for  a  portion  of  the  iodide  of 
potassium,  and  this  continues  layer  by  layer  through* 
out  the  crystal.  At  a  red  heat  the  salt  foaes  -without 
decomposing,  although  slight  traces  of  it  TolatiHce. 
It  requires  f  its  weight  dT  cold  and  only  ^  of  hot 
water  for  its  solution.  Alcohol  of  80  ]>er  ct.  diaedlTee 
in  the  cold  |,  when  heated  j  its  weight ;  the  eola- 
tions must  not  render  turmeric  paper  brown.  Oar- 
honate,  nUphate,  or  iodate  of  pattuk  and  tulpkwn/t  of 
jfoCasnum,  are  detected  as  under  bromide  of  potas- 
sium. If  iodate  is  present,  hydrochloric  acid 
instantly  causes  a  brown  colour ;  it  is  to  be  borne  in 
mind  that  this  brown  colour  may  also  be  dereloped 
with  pure  iodide  ofpotaseium,  after  several  houre,  owing 
to  the  free  hydnodic  acid  becoming  decomposed  by 
the  oxygen  of  the  air  into  water  and  iodine.  Chloride 
of  potassium  is  detected  by  entirely  precipitating  a 
■mall  portion  of  the  salt  with  nitrate  of  silTer, 
agitating  the  precipitate  with  caustic  ammmiiaj 
filtering  and  supersaturating  the  filtrate  with  nitrio 
acid.  The  nitrate  of  silver  precipitates  both  the 
chlorine  and  iodine ;  the  first  compound  isreadily 
soluble  in  caustic  ammonia,  that  with  iodine  is 
not  so  ;  on  supersaturating  with  nitric  add,  which 
abstracts  the  solTcnt,  the  chloride  of  silver  again 
precipitates.  In  this  experiment  the  ammonia  and 
nitric  acid  must  both  of  course  be  entirely  free  from 
chlorine. 


KALIUM    OXIDATUM   HYDRATICUM. 

Potassa  Hydras, — Potassium  Causticum, — Caustic 

Potash, 

FOBMTTLA  OP  THE  FuSED  I     KO  +  HO. 

Formula  op  the  D&ied  :  KO  +  xHO(3 — 4H0). 
Formula  of  the  Liquid  :  KO  +  xH0(13H0}. 
Preparation, — 1   Part  of  carbonate  oi  potash  is 
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dinohrod  In  10  parte  of  water  ia  a  Bilker  or  iron.  pot» 
tiie  Bolution  is  brought  to  the  boiling  point,  and 
whilst  constanflj  stiiring  with  a  silyer  or  iron  spa- 
tula, 1  part  of  firashl  J  hydrated  lime  is  gradnaUy 
added ;  the  boiling  is  thai  continaed  fbr  a  quarter 
of  an  honr,  a  small  portion  filtered  and  poured  into 
dilate  sulphuzio  acid ;  if  any  gas  bubbles  are  given 
off  (earbonio  aoid  eycdyed),  a  lew  spoonfuls  more  of 
hyorate  of  lime  are  addeo,  and  after  some  minutes 
the  test  with  acid  is  repeated.  The  second  testing 
is  seldom  necessary,  as  the  first  quantity  of  lime  is 
generally  lirand  to  hare  abstracted  all  the  carbonic 
acid  from  the  potash.  The  whole  of  the  contents  of 
the  pot  is  now  quickly  thrown  on  a  strong  bleached 
linen  doth,  strained  over  a  deep  iron  Tessel,  tht 
liquor  is  returned  until  it  runs  thitmgh  dear  (which, 
as  the  chalk  fbrms  a  good  filtering  medium,  soon 
occurs),  and  is  then  put  into  Tessels  with  glass  stop- 
pers. When  no  more  liquid  drops,  the  strainer  is 
put  with  ite  contente  into  a  pot,  in  which  are  8  parts 
of  pure  water,  the  whole  is  warmed  and  strained 
through  the  Ihien  bag  with  the  precautions  before 
mentioned.  The  clear  liquors  are  quickly  evapo- 
rated in  the  cleansed  iron  pot  until  they  attain, 
when  cool,  a  spec.  gray,  of  1*333,  which  occurs 
when  it  is  reduced  to  2  parts.  The  pot  is  now  re- 
moved from  the  fire,  and  the  contents  poured  into  a 
bottle  having  a  glass  stopper ;  when  thoroughly  cool 
the  spec.  grav.  is  again  taken,  and  if  found  to  be 
more  than  1*333,  is  reduced  to  this  with  distilled 
water ;  the  liquid  now  constitutes  liquor  potasses  or 
caustic  solution  of  potash. 

To  obtain  dry  caustic  potash  the  above  liquid  is 
evaporated  in  an  iron  pot  imtil  a  drop  removed  on 
the  end  of  the  stirring  rod  solidifies  on  cooling ;  it 
is  then  poured  on  a  clean  sheet  of  iron,  quickly 
broken  up  and  enclosed  in  a  wide-mouthed  bottle. 

The  fused  potash  {Caustic^  Hydrate  of  Potash^ 
Lapis  Cattstums,)  is  formed  when  the  solution,  evapo- 
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rated  to  the  point  just  mentioned,  is  poured  iiito  a 
sUyer  or  iron  crucible,  (taking  care  the  latter  is  only 
half  filled,)  and  heated  until  it  no  longer  froths  up 
but  fuses  quietly,  it  is  then  cast  in  iron  moulds  like 
lunar  caustic,  and  the  sticks  as  soon  as  cold  put  in 
a  well-closed  bottle. 

1  Part  of  carbonate  of  potash  forms  rather  more 
than  2  parts  of  liquor  potassse,  spec.  gray.  1*333 ; 
)  part  of  Dry  or  §  part  of  Fused  Potash. 

Its  separation  by  alcohol  from  sulphate,  car- 
bonate, and  all  other  substances  insoluble  in  this 
agent,  as  ordered  in  the  French  pharmacopceia  is 
altogether  objectionable.  If,  for  instance,  the  alcohol 
is  distilled  from  this  solution  in  a  glass  retort,  the 
glass  becomes  acted  on,  the  potash  is  contaminated 
with  silica,  and  acquires  a  yellow  colour,  owing  to 
the  action  of  the  potash  on  the  alcohol.  If  the  last 
trace  of  alcohol  is  driven  off  in  a  silyer  crucible  the 
colour  rises  to  the  sur£eu;e  as  a  black  scum,  and  can 
be  taken  off,  but  at  the  same  time  the  action  of  the 
potash  on  the  carbon  giyes  rise  to  carbonic  acid, 
and  thus  the  preparation  "  Potasse  a  Talcohol" 
contains  carbonate  of  potash. 

Recapitulation, — Carbonate  of  potash,  in  diluted 
solution  readily  yields  up  its  acid  to  lime,  which 
thus  combined,  precipitates  as  insoluble  carbonate 
of  lime : — 

1  at.  KO  +  CO3  and  1  at.  CaO,  form 
1  at.  KO  and  1  at.  CaO  +  CO^. 

865  Parts  of  carbonate  of  potash  require  only  463 
parts  of  hydrate  of  lime  (CaO  +  HO) ;  but  the  quan- 
tity of  lime  must  be  increased,  as  it  is  neyer  entirely 
pure,  and  it  also  serves  to  keep  the  shape  of  the 
filter  whilst  straining  the  solution.  There  is  no  fear 
that  lime  will  be  found  in  the  solution.  The  de- 
composition takes  place  also  in  the  cold,  but  only 
after  a  longer  period ;  in  order  that  it  may  be  com- 
plete, the  solution  mu^t  not  be  too  concentrated,  as 
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ia  this  case  the  lime  -mSl  not  abstract  the  carbonic 
add,  oa  the  contrarj,  strong  canstie  potash  dis- 
possesses carbonate  of  lime  of  its  acid,  becoming 
converted  into  carbonate  of  potash.  A  sUTer  Tessd 
Is  the  best  to  boil  it  in,  otherwise  a  dean  iron  one 
may  be  nsecU  but  neither  porodain,  copper,  nor  ainr 
other  metal  is  applicable,  £rom  the  action  the  potash 
exerts  on  them.  For  the  same  reasons  no  wooden 
or  porcelain  stirrer  should  be  need,  and  the  strainer 
must  be  nmde  of  bleached  linen.  If  all  these  thinn 
are  attended  to  a  colourless  solution  is  obtained, 
which  when  concentrated  bears  scarcdj  a  ydlow 
tinge.  In  testing  the  solution  for  carbonate  of 
potash,  the  precaution  must  be  taken  to  pour  the 
filtered  solution  into  a  large  excess  of  acid,  and  not 
the  acid  to  the  sohitkm,  as  in  the  latter  case  no  gas 
is  evdved  until  all  of  it  has  combined  with  the  {wt- 
ash  to  form  bicaxbonate.  lame  water,  which  is  alio 
one  of  the  tests  ^^enerally  given  for  detecting  car* 
bonate  of  potash  m  the  solution,  is  inapplicable  for 
the  purpose,  as  in  solutions  perfectly  ficee  from  car* 
bonio  aod  it  causes  a  predpitate  (hydrate  of  Ume)« 
The  best  and  quickest  method  of  separating  the  car- 
bonate and  caustic  lime  is  to  strain  it ;  by  allowing 
it  to  settle  and  decanting  the  clear  liquor  a  great 
deal  of  time  is  lost,  which,  from  the  avidity  with 
which  the  solution  absorbs  carbonic  acid,  must  be 
circumscribed  as  much  as  possible.  With  no  other 
preparation  are  quickness  and  cleanliness  in  manipu- 
lation more  requisite  than  with  caustic  potash. 

The  pasty  lime  mass,  after  its  second  exhaustion, 
contains  without  doubt  more  potash,  but  the  quan* 
tity  is  too  small  to  requite  the  expense  of  evapora- 
ting a  third  washing.  Water  may  however  be 
passed  through  the  filter  to  serve  for  other  purposes. 

Properties. — ^Pure  caustic  potash  is  a  colourless  or 
slightly  yellow  oily-like  fluid  of  a  feeble  peculiar 
smell  and  an  excessivdy  caustic  corrosive  taste. 
A    brownish    cdour    is    due   to   oryontc   tnaUtr* 

mm2 
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Having  a  spec.  gray.  1*333  it  contains  in  100  parts 
26'3  parts  potash  73*7  parts  water.  The  proportion 
of  water  in  the  dry  preparation  yaries  with  the 
length  of  time  it  remains  on  the  fire,  generally  it  is 
between  36  and  44  per  ct. ;  the  water  of  hydration 
in  the  fused  is  constant  at  16  per  ct.  Both  the 
latter  form  solid  masses  white,  or  with  a  slight 
yellow  tinge,  of  a  crystalline  fracture ;  in  the  air  it 
attracts  water  and  carbonic  acid,  deliquesces,  and 
like  the  liquor  potassae  becomes  a  solution  of  car- 
bonate of  potash.  A  slight  trace  of  carbonic  add  is 
almost  always  found  in  this  preparation,  and  though 
an  impurity,  is  in  most  cases  too  slight  to  be  of  con- 
sequence. If  on  agitating  with  alcohol  it  forms  a 
Tery  turbid  solution,  this  is  due,  supposing  acids 
cause  but  a  slight  effervescence,  to  other  bodies  in- 
fioluble  in  this  menstruum,  as  sulphate  and  MiUcate 
of  potash  ;  chloride  of  potassium^  &c.,  owing  to  the 
carbonate  of  potash  used  being  impure.  It  is 
worthy  of  remark  here,  that  caustic  potash  of  spec, 
gray.  1*333  does  not  dissolve  even  a  trace  of  sulphate 
of  potash,  all  of  which  salt  becomes  deposited,  and 
may  be  separated  by  decantation  so  soon  as  the 
solution  attains  this  gravity.  It  is  also  detected  in 
a  potash  solution  after  saturation  with  nitric  acid, 
by  the  addition  of  chloride  of  barium  causing  a 
white  precipitate ;  in  the  same  way  chloride  of  po- 
tassium is  determined  by  nitrate  of  silver.  If  on 
saturating  the  solution  with  nitric  acid,  white  floc- 
culent  matter  separates,  it  will  be  silicic  acid; 
without  this  separation  silicic  acid  may  be  present, 
as  this  substance  in  a  hydrated  state  or  imtil  it  has 
been  dried,  is  capable  of  slight  solution  in  water  and 
acids.  For  this  reason  the  liquid  is  evaporated  to 
dryness,  and  the  residue  treated  with  water,  when 
any  turbidness  will  arise  from  silica.  Any  white 
turbidness  caused  by  solution  of  ammonia  in  the 
solution,  supersaturated  with  nitric  acid,  is  from 
alumina,  and  if  sulphocyanide  of  potassium  imparts 
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a  red  jcoloiir,  iron  is  present  (vtdit  BismrrH  Nm.), 
This  latter  body  is  also  .detected  in  potash  by  the 
direct  application  of  sulphide  of  ammonium,  when 
A  black  precipitate  is  formed,  which  immediatelY 
disappears  on  the  addition  of  hydrochloric  acid;  ii^ 
after  this,  any  black  particles  remain  suspended  in 
the  liquid,  they  are  filtered  o£^  dissolved  in  nitric 
acid  and  fiBsrrocyanide  of  potassium  added  to  the 
solution,  when,  if  a  chocolate  precipitate  is  de* 
posited,  eofper  is  present  (vtdit  Acid.  Acbt.).  Ox- 
alate of  ammonia  is  added  to  tLe  newly  saturated 
solution,  to  detennine  whether  Ume  is  present,  and 
to  the  liquid  filtered  from  tiie  oxalate  of  lime  (if  any 
•is  formed)  phosphate  of  ammonia  is  added,  to  de> 
tect  magnena  {vieh  Calo.  Chloe.)*  Traces  only  of 
iron,  copper,  lime  or  magnesia  can  occur  in  caustic 
potash  solution;  genendly  these  substances  axe 
considered  as  totally  insoluble  in  it,  but  this  is  not 
quite  correct. 


KALTOM  OXIDATUM   ACETICUM. 

Potaasa  Acetas, — Acetaie  ofPotctah, 

FoanuLA:  KO  +  A. 

Preparaium, — (a.)  With  Acetic  Add.  A  beaker 
glass  is  not  more  than  half  filled  with  a  weighed 
quantity  of  pure  acetic  acid,  to  which  is  added  in 
small  portions,  and  with  constant  stirring,  dry 
carbonate  of  potash,  until  the  acid  reaction  and  aU 
efieryescence  disappear.  2  Parts  of  acid,  spec, 
gray.  1*045,  require  1  part  of  carbonate  of  potash. 
The  acid  reaction  is  again  slightiy  restored  by  acetic 
acid,  the  liquid  filtered,  if  necessary,  and  evaporated 
in  a  porcelain  dish,  at  first  over  an  open  fire,  but 
afterwards,  when  it  has  acquired  a  thickish  consist- 
ence, on  a  sand  bath,  (a  litUe  acetic  acid  being 
occasionally  added,)  to  dryness.     The  salt  while 
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warm  is  transferred  to  well-closed  botUes.  The 
product  is  about  1^  parts.  If  this  salt  is  prepared 
in  large  quantities  a  clean  copper  pan  will  do  to  boil 
it  in,  taking  care  that  it  is  not  allowed  to  cool  in  it, 
and  that  the  vessel  is  emptied  as  soon  as  a  pellicle 
forms,  as  the  salt  should  be  dried  in  a  porcelaiii 
dieh. 

(6.)  With  acetate  of  lead  the  preparation  may  be 
made  as  cheaply,  with  the  advantage  of  the  carbonate 
of  lead  as  a  secondary  product.  The  following 
method  is  then  followed:  a  certain  qiiantity  <n 
sugar  of  lead  is  dissolved  in  six  times  its  weight  of 
pure  water,  and  carbonate  of  potash,  dissolved  in 
twice  its  weight  of  water,  added  so  long  as  a  preci- 
pitate forms.  9  Farts  of  sugar  of  lead  require  3^ 
of  pure  carbonate  of  potash.  After  subsidation, 
the  supernatant  liquor  is  decanted,  the  residue 
thrown  on  a  straining  cloth  covered  with  filtering 
paper,  then  washed  with  water,  and  the  liquors 
mixed  together  are  evaporated  in  a  porcelain  dish 
(if  the  quantity  is  large,  in  a  clean  copper  vessel)  to 
about  the  weight  of  the  acetate  of  lead  used, 
allowed  to  cool,  and  sulphuretted  hydrogen  gas 
passed  through  it.  If,  after  standing  some  time,  a 
small  portion  withdrawn  experiences  no  change,  by 
sulphuretted  hydrogen,  the  liquid  is  filtered  from 
the  black  precipitate,  (if  necessary  it  must  again  be 
treated  with  sulphuretted  hydrogen,  this  however  is 
seldom  requisite,)  the  filtrate  supersaturated  with 
acetic  acid,  and  evaporated  as  directed  under  (a.). 
From  4^  to  4f  parts  of  pure  acetate  of  potash 
should  be  obtained. 

Recapitulation, — ^The  acetic   acid  drives  off  the 
carbonic  acid,  and  combines  with  the  potash  :— 

1  at.  KO  +  CO2,  and  1  at.  A,  form 
1  at.  KO  +  A,  and  1  at.  COg. 

865  Farts  of  pure  carbonate  of  potash  require 
638  parts  of  anhydrous  acetic  acid,  or  1772  parts. 
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spec.  grav.  1*045  (oontaixdng  64  per  ct.  irater)  fbor 
saturatioii.  As,  howerer,  during  the  eyaporation  a 
imall  portion  of  the  acid  is  ev^Ted,  this  must  be 
slightly  in  excess,  and  towards  the  end  o£  the  pro- 
cess renewed  from  time  to  time.  Glean  copper  is 
not  acted  upon  by  the  boiling  B(dution,  and  Tessdi 
of  this  metal  may  thus  be  substitated  for  x>oroelain 
during  concentration,  as  economising  fuel,  but  they 
must  not  be  used  to  bring  the  salt  to  dryness,  as, 
on  account  of  the  readiness  with  which  tiie  metal 
conducts  heat,  the  salt  is  liable,  by  becconing  too 
hot,  to  be  partially  decomposed,  and  acquire  a  gray 
colour;  at  the  higher  temperature  also  copper  is 
liable  to  be  acted  on  by  acetate  of  xiotasn.  On 
account  of  the  avidity  with  'v^ch  it  absorbs  water* 
it  must  be  put,  whilst  still  warm,  into  closed  yessels ; 
if  heated  after  it  is  dry,  eyen  in  porcelain,  it  acquires 
a  higher  temperature,  and  although  nothing  more 
evaporates,  a  portion  of  the  acid  decomposes,  and, 
owing  to  the  separation  of  carbon,  the  salt  acquires 
a  gray  colour. 

(6.)  Sugar  of  lead  has  already,  tinder  seyeral  pre- 
parations, been  stated  to  be  a  compound  of  1  at. 
oxide  of  lead,  1  at.  acetic  acid,  and  3  at.  of  water ; 
from  this,  carbonate  of  potash  precipitates  the 
oxide  of  lead  as  a  carbonate ;  the  potash  uniting 
with  the  acetic  acid : — 

1  at.  PbO  +  A+  3H0,  and  1  at.  KO  +  00^,  form 
1  at.  KO  +  A,  1  at.  PbO  +  CO^,  and  3  at.  HO. 

2370  Parts  of  sugar  of  lead  require  865  parts  of 
carbonate  of  potash.  After  all  the  acetate  of  lead 
is  decomposed,  traces  of  that  metal  still  remain  in 
solution  ;  to  ^tirely  separate  them,  the  liquor  is  con- 
centrated, and  treated  with  sulphuretted  hydrogen, 
of  which  only  yery  littie  is  requisite.  As  an  excess 
of  carbonate  of  potash  is  used  to  precipitate  the 
liquid,  the  alkaline   reaction   is,   after  separating 
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the  sidphtiret  of  lead,  and  preyious  to  its  eTapora* 
tion  to  dryness,  neutralized  with,  pure  acetic  acid. 

The  carbonate  of  lead  from  9  parts  of  acetate  will 
equal  6  parts. 

Properties, — Acetate  of  potash  forms  a  snow* 
white  powder,  consisting  of  scales  haying  a  satiny 
lustre,  of  a  feeble  odour  of  acetic  acid,  and  pungent 
saline  taste.  In  the  air  it  quickly  attracts  moisture, 
and  deliquesces.  Heated  it  fiises,  giving  off  more 
or  less  decomposed  acetic  acid,  empyreumatic  oil* 
&c.,  and  yielding  finally  a  black  residue,  which  is  a 
mixture  of  carbonate  of  potash  and  carbon.  In 
water  and  alcohol  it  dissolves  with  the  greatest 
readiness ;  the  solutions  have  a  neutral  reaction ; 
the  aqueous  solution  does  not  long  remain  sOf 
becoming  covered  with  mildew,  and  the  acetate 
converted  into  carbonate.  The  simplest  explanation 
of  this  change  is  that  1  at.  of  acetic  acid  attracting 
8  at.  of  oxygen  from  the  air,  forms  3  at.  of  water 
and  4  at.  of  carbonic  acid,  1  at.  of  which  combines 
with  the  potash : — 

1  at.  KO  +  C4H3O3,  and  8  at  O,  form 
3  at.  HO,  3  at.  COg,  and  1  at.  KO  +  COg. 

That  the  process  is  in  reality  not  nearly  so  simple, 
is  proved  by  the  vegetable  matter  (mouldiness) 
which  makes  its  appearance,  llie  most  probable 
impurities  in  this  preparation  are  carbonate  cfpotashf 
(if  the  acid  was  not  in  excess  during  evaporation), 
sulphate  of  potash^  chloride  of  potassium^  alumina, 
lime,  moffiiesia,  iron,  lead,  copper,  tin,  which  may 
respectively  be  detected  by  hydrochloric  acid, 
nitrate  of  baryta,  acetate  of  silver,  ammonia,  oxalate 
of  ammonia,  phosphate  of  ammonia,  sulphocyanide 
of  potassium,  sulphuric  acid,  sulphuretted  hydro- 
gen, ferrocyanide  of  potassiimi,  and  chloride  of 
gold  (vide  Acidum  Aoeticuh,  and  Kalium  Oxida- 
tum). 
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KAUUM    OXIDATUM    CARBONICUM. 

Potassa  Carbonas, — Carbonate  of  Potash, — Salt  of 

Tartar^ 

Formula:  KO  +  COg. 

Pr^Mration, — ^There  are  several  varieties  of  this 
salt,  differing  in  their  state  of  purity;  purified, 
pure,  and  chemically  pure. 

(a.)  Purified,  {Kalium  Carbonicum  JJepuratwn), 
I  Part  of  common  potashes  (the  Hungarian  are  to 
be  preferred)  are  warmed  in  an  iron  pot  with  2  parts 
of  water,  until  all  the  solid  lumps  are  softened,  the 
whole  is  then  transferred  to  a  glazed  stone  vessel, 
and  allowed  to  remain  quietly  for  two  days  in  a  cool 
spot,  then  strained  into  an  iron  pot,  through  filter- 
ing paper  laid  on  a  linen  cloth,  on  which  the  precipi- 
tate is  afterwards  thrown.  As  soon  as  all  Uie 
liquor  has  drained  ofi^  it  is  evaporated,  without 
washing  the  contents  of  the  strainer,  in  a  clean  iron 
vessel,  until  a  pellicle  forms,  then  again  placed  in 
the  earthen  vessel,  and  allowed  to  remain  for  a  few 
days  in  a  cool  spot.  The  salt  which  separates  is 
collected  on  a  Imen  strainer,  and  washed  once  or 
twice  with  a  very  little  cold  water ;  the  solutions 
which  filter  off  are  then  mixed,  and  evaporated  to 
dryness  in  a  clean  iron  pan,  stirring  constantly 
towards  the  end  of  the  process  with  an  iron  spatula. 
The  dry  salt  is  again  dissolved  in  half  its  weight  of 
water,  the  solution  allowed  to  subside,  after  a  couple 
of  days  poured  off  the  residue,  and  this,  if  bidky, 
is  washed  with  a  little  cold  water,  the  liquid  evapo- 
rated to  dryness,  and  the  salt  put,  whilst  warm,  into 
well-closed  bottles.  The  product,  of  course,  depends 
on  the  quantity  of  impurities  in  the  common  potash, 
and  will  vary  from  60  to  90  parts  in  100  potash. 

(6.)  The  pure  salt.     This  is  generally  made  by 
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heating  the  purified  cream  of  tartar  to  redness.  Of 
course  in  this  process  all  the  acid  of  this  salt  is  lost, 
half  of  it  may  be  saved  by  following  the  directions 
given  under  the  article  Acidum  Tartajlicxtm,  viz. : 
combining  it  with  lime,  and  decomposing  the  salt 
thus  formed  with  sulphuric  acid.  For  this  purpose 
25  parts  of  cream  of  tartar,  150  of  distilled  water, 
and  6  of  hydrate  of  lime,  are  digested  for  some 
hours  at  a  gentle  heat,  allowed  to  cool  and  subside, 
then  filtered,  and  after  washing  the  residue  with 
distilled  water,  the  mixed  liquors  are  evaporated  ia 
a  clean  iron  vessel  to  dryness.  A  cast-iron  dish  is 
I  filled  with  the  dry  salt,  covered  with  an  iron  top, 
placed  in  a  good  furnace,  surroimded  with  coal,  and 
heated  untU  neither  smoke  nor  flame  escapes  fromi 
it.  Whilst  heating  it,  the  mass  must  occasionally 
be  moved  about  with  an  iron  spatula.  When  the 
whole  mass  acquires  a  red  heat,  and  a  small  portion 
withdrawn  dissolves  in  water  without  colouring  it, 
while  the  charcoal  subsides,  the  vessel  is  removed 
from  the  fire,  its  contents  transferred  to  an  iron  pot, 
the  crucible  again  filled  with  tartrate,  and  burnt, 
and  this  repeated  until  the  whole  is  finished.  The 
carbonaceous  masses  are  then  coarsely  powdered, 
boiled  with  four  times  their  weight  of  distilled 
water  in  a  clean  iron  vessel,  strained  through  linen  ; 
the  boiling  twice  again  repeated  with  fresh  water, 
the  liquid  allowed  to  deposit  in  glass  bottles, 
filtered,  and  evaporated  to  dryness  in  clean  iron 
vessels.  The  salt,  whilst  warm,  should  be  trans- 
ferred to  well-closed  bottles.  100  Parts  of  purified 
cream  of  tartar  yield  34 — 36  parts  of  carbonate  of 
potash. 

Instead  of  the  purified,  common  tartar  may  be 
used,  it  is  heated  alone  to  redness,  and  100  parts 
yield  about  24.  Nevertheless  I  must  remark  that 
this  potash  is  frequently  (not  always)  contaminated 
with  cyanogen. 

Pormerly  saltpetre  was  always  added,  in  order  to 
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deflagrate  the  cream  of  tartar.  This  method  is  ob- 
jectionable for  seyeral  reasons  ;  in  the  first  place  it 
is  impossible  to  determine  the  exact  quantity  of  nitre 
that  will  be  requisite  :  if  too  little  is  used  a  yellow 
or  brownish  solution  results,  whilst  with  too  much 
the  product  is  contaminated  with  nitrate  or  nitrite  of 
potash ;  secondly,  the  carbonate  of  potash  is  very 
liable  to  contain  cyanogen  (if  the  conmion  tartar  has 
been  used  this  is  always  tne  case).  Thirdly,  even 
allowing  the  superiority  of  the  method,  the  cost  of 
it  will  be  too  great,  as  to  retain  the  purity  of  the 
product,  chemically  pure  nitre  must  be  used. 

(c)  ChemiccUly  pure.  Sometimes  the  carbonate  of 
potash  obtained  from  cream  of  tartar  is  chemically 
pure,  but  shotdd  this  not  be  the  case,  the  following 
method  must  be  resorted  to.  A  certain  quantity  of 
carbonate  of  potash,  (that  prepared  from  potash  will 
serve,  if  it  does  not  contain  too  much  sulphate  or 
chloride,)  is  dissolved  in  its  weight  of  water,  and 
sufficient  acetic  acid  gradually  added,  to  give  it  an 
acid  reaction.  (Acetic  acid  not  quite  free  from 
empyreumatic  matter  may  be  advantageously  em- 
ployed.) From  the  acid  solution  any  sulphate  is 
precipitated  by  a  concentrated  solution  of  acetate  of 
baryta  ;  as  soon  as  the  sulphate  of  baryta  has  tho- 
roughly subsided,  the  liquid  is  filtered,  and  acetate 
of  silver  (which,  as  it  requires  a  very  large  quantity 
of  water  for  its  solution  is  only  rubbed  to  a  fine  pulp 
with  water)  added  to  precipitate  the  chlorine ;  the 
chloride  of  silver  is  then  removed  by  filtration. 
Too  large  a  portion  of  the  acetates  of  baryta  and  silver 
is  if  possible  avoided,  any  excess  being  only  wasted. 

The  clear  liquor  after  separation  from  both  pre- 
cipitates is  evaporated  to  dryness  in  a  porcelain 
vessel,  the  salt  thrown  by  spoonfuls  into  a  red  hot 
iron  dish,  taking  care  not  to  add  a  fresh  portion  until 
the  previous  one  has  ceased  to  puff  up,  the  whole 
heated  to  redness,  and  when  neither  smoke  nor  flame 
appears  the  dish  is  allowed  to  cool  a  little,  and  then 

N  N 
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emptied.  The  gray  mass  is  coarsely  powdered, 
boiled  in  an  iron  vessel  with  distilled  water,  and  the 
process  (b)  followed. 

Recapitulation,  (a) — ^The  common  potashes  are  an 
impure  carbonate  of  potash  contaminated  with  buL* 
phate  of  potash,  chloride  of  potassium,  silica,  and 
also,  generally,  though  in  small  quantities,  with 
alumina,  lime,  magnesia,  iroo,  copper,  manganese, 
chromium,  soda,  and  phosphoric  acid,  together  with 
occasional  admixture  of  sand,  common  salt,  &c. 
There  are  several  different  kinds  met  with  in  com- 
merce, but  on  account  of  its  greater  purity  the 
Hungarian  is  to  be  preferred,  the  Russian  is  also 
tolerably  pure,  and  preferable  to  the  German.  On 
treating  tiie  potash  with  1^  to  2  parts  of  hot 
water,  there  are  dissolved,  besides  the  carbonate  of 
potash,  the  sulphate,  chloride  of  potassium,  and  a 
part  of  the  silica,  as  well  as  any  soda  and  alkaline 
phosphates  which  may  be  present ;  whilst  most  of 
the  silica  partiy  combined  with  potash,  together  with 
the  other  impurities  (as  hydrated  oxides,  carbonates, 
and  phosphates)  remain  behind.  It  must  not  pass 
unnoticed  that  small  traces  of  lime,  magnesia,  iron, 
manganese,  chromium,  as  well  as  aliunina  and 
copper  if  present,  remain  dissolved  and  are  partially 
but  not  entirely  separated  on  again  evaporating  to 
dryness.  Hot  water  is  preferable  to  cold,  as  it  acts 
on  the  potashes  more  readily  and  completely.  On 
standing  several  days  in  a  cool  place,  the  solution 
deposits  all  the  insoluble  matter,  and  if  the  sulphate 
of  potash  is  present  in  any  quantity  a  portion  of  it 
crystallizes  out.  The  clear  solution  still  contains 
most  of  the  sulphate  of  potash,  and  all  the  chloride 
of  potassium,  together  with  the  silica,  &c.  To 
remove  the  greater  part  of  the  sulphate,  the  solution 
is  evaporated  to  a  pellicle,  allowed  to  stand  some 
days,  and  then  strained.  The  solution  yet  contains 
some  sulphate  of  potash,  chloride  of  potassium  and 
silica,  which  by  evaporating  to  dryness,  and  dis- 
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solving  in  as  little  cold  water  as  possible,  is  partially- 
removed.  In  this  way  a  salt  sufficiently  pure  for 
most  purposes  may  be  made,  but  it  cannot  be  ob- 
tained perfectly  pure  by  this  method.  In  evapo- 
rating, no  other  than  an  iron  or  silver  vessel  should 
be  made  use  of,  whilst  wooden  bowls,  spatulas,  &o., 
are  to  be  avoided,  as  from  the  action  of  the  salt  on 
them  it  acquires  a  yellow  colour. 

The  residue  from  the  first,  second,  and  third 
straining  is  thrown  into  a  leaden  cistern,  covered 
with  water,  the  adhering  carbonate  of  potash  neu- 
tralized with  sulphuric  acid,  and  the  residue  purified 
as  sulphate  of  potash. 

(b)  The  recapitulation  of  the  process  of  burning 
cream  of  tartar  (bitartrate  of  potash)  has  already  been 
gone  through  under  the  article  Kalium.  On  eva- 
porating to  dryness,  and  burning  the  solution  of 
neutral  tartrate  of  potash,  obtained  on  saturating  the 
bitartrate  of  potash  with  lime,  the  product  is  the 
same.  One  peculiarity  of  this  process  is  the  separa- 
tion of  ammonia ;  this  is  perceptible  on  removing  the 
carbonaceous  mass  whilst  red  hot,  from  the  crucible, 
and  evidently  arises  from  the  condensation  and  com- 
bination of  its  constituents,  hydrogen  and  nitrogen, 
in  the  pores  of  the  charcoal.  If  common  tartar  is 
employed  cyanogen  is  frequently  formed,  and  is  due 
to  the  nitrogenised  substances  which  separated  with 
it  from  the  grape  juice ;  the  nitrogen  combining 
with  a  portion  of  carbon  forms  cyanogen,  and  this 
unites  with  the  metal  of  a  part  of  the  potash,  whilst 
the  oxygen  of  the  latter  combines  with  another 
portion  of  carbon.  The  heated  mass  consists  of  a 
mixture  of  carbonate  of  potash,  carbon,  and  a  little 
carbonate  of  lime  (also  traces  of  different  metals) ; 
on  treating  with  water  the  carbonate  of  potash  dis- 
solves, whilst  the  other  substances  remain  behind. 
If  the  cream  of  tartar  contains  chloride  of  potassiimi, 
this,  with  cyanide  of  potassium  and  traces  of  iron  and 
lime,  will  be  found  in  the  solution.    By  evaporating 
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the  solution  in  iron,  the  cyanide  of  potassiuxa  is 
conyerted  into  ferro-cyanide  of  potassium  and 
potash : — 

3  at.  KCy,  1  at.  Fe,  and  1  at.  HO,  form 
1  at.  2  KCy  +  FeCy,  1  at.  KO,  and  1  at.  H. 

If  the  cream  of  tartar  is  mixed  with  a  consider- 
able quantity  of  saltpetre,  and  heated,  the  whole  of 
the  carbon  becomes  burnt,  and  instead  of  being 
black  or  gray,  the  deflagrated  mass  is  white.  The 
tartaric  acid  from  3  at.  of  tartar  abstracts  from  the 
nitric  acid  of  10  at.  of  saltpetre,  30  at.  of  oxygen, 
forming  12  at.  of  water  and  24  at.  of  carbonic  acid ; 
13  at.  of  the  latter  combine  with  the  potash  of  the 
cream  of  tartar  and  nitre,  whilst  the  remainder  is 
evolved  with  the  water  and  nitric  oxide : — 

3  at.  KO  +  C4H^05HO  +  C^HgOg,  and  10  at, 

KO  +  NOfi,  form 
13  at.  KO  +  CO^,  11  at.  (free)  CO,,  15  at.  HO,  and 

10  at.  NOj. 

7056  Parts  of  cream  of  tartar  require  12650  parts 
of  nitre,  or  1  part  of  cream  of  tartar  1|  ports  of 
nitre.  I  have  already  shown  that  in  order  to  insure 
the  entire  combustion  of  the  charcoal,  an  excess  of 
nitre  must  be  -used,  and  thus  the  product  is  con- 
taminated with  nitrate  of  potash. 

(c.)  On  saturating  carbonate  of  potash  with 
acetic  acid,  the  carbonic  apid  is  given  off,  and  any 
silica  present  separates  as  a  flocculent  mattw.  From 
the  solution  acetate  of  baryta  entirely  precipitates 
the  sulphuric  acid,  and  acetate  of  silver  the 
chlorides  ;  the  solution  separated  from  the  precipi- 
tate now  contains  acetate  of  potash,  and  any  excess 
of  the  acetates  of  baryta  or  sUver.  On  heating  the 
dry  saline  mass  to  redness,  the  acetates  of  potash 
and  baryta  form  carbonates,  and  the  acetate  of  silver 
metallic  silver ;  the  last  two  products  form  with  the 
carbon  a  residue,  whilst  the  other  products  of  de- 
composition of  the  acetic  acid  are  given  off.    Nitrate 
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of  bar3rta  and  silTer  must  not  be  used  instead  of  the 
acetates  of  these  metals,  as  any  excess  of  them 
would,  on  heating  the  salt  to  redness,  cause  the 
formation  of  cyanides.  The  whole  of  the  salt  must 
not  be  put  at  one  time  into  the  crucible,  on  account 
of  the  violence  with  which  it  froths  up,  but  should 
be  thrown  in  by  spoonfuls. 

Properties, — The  pure  carbonate  of  potash  forms 
a  snow-white  crystalline  odourless  powder,  of  pun- 
gent caustic  taste.  In  the  air  it  attracts  moisture, 
and  deliquesces.  At  a  white  heat  it  fuses 
without  change.  It  dissolves  in  water  with  the 
greatest  readiness,  forming  a  colourless  solution  ;  in 
alcohol  it  is  insoluble.  If  the  solution  when 
diluted  appears  turbid,  silica  will  be  the  principal 
cause  of  it,  and  caustic  potash  will  almost  entirely 
dissolve  it. 

Iron,  carbonate  of  lime  and  alumina,  in  very  small 
proportions,  may  be  the  cause  of  the  turbidity. 
Silica  may  be  present  even  if  the  salt  is  entirely 
soluble  in  water ;  in  this  case,  test  as  directed  under 
Kalium  Oxidatum  ;  to  the  same  article  I  refer  for 
the  detection  of  sulphuric  acid,  hydrochloric  acid, 
alumina,  magnesia,  iron,  copper,  and  lime.  Cyanogen, 
which  is  formed  on  heating  common  tartar,  and  also 
by  deflagrating  with  nitre,  may  be  detected  by  adding 
a  somewhat  oxidized  solution  of  protosulphate  of 
iron  and  then  hydrochloric  acid  in  excess,  when  if 
cyanogen  is  present  Prussian  blue  will  be  formed. 
The  chemical  process  is  as  follows  :  the  cyanide  of 
potassium,  on  evaporation  in  contact  with  iron,  is 
converted  into  ferrocyanide  of  potassium,  (and  po- 
tassa),  with  which  peroxide  of  iron  in  solution 
becomes  decomposed  into  Prussian  blue  and  a  new 
salt  of  potash ;  for  instance : — 

3  at.  (2KCy  +  FeCy)  and  2  at.  Fe203  +  3S03,form 
1  at.  SFeCy  +  2Fe2Cy3  and  6  at.  KO  +  SO3. 

The  blue  precipitate  is  not  visible  imtil  the  car- 

N  N  2 
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bonate  of  potash  is  saturated.  Solutions  contaiiiiiig 
protosalt  of  iron  really  give  only  a  white  precipitate 
of  protocyanide  of  iron,  but  this  precipitate  quickly 
becomes  blue : — 

1  at.  2KCy  +  FeCy  and  2  at.  FeO  +  SO3,  form 
3  at.  FeCy  and  2  at.  KO  +  SOj. 

Manffaneae  is  rather  frequently  found  in  the  potashes, 
imparting  to  them  a  slight  bluish-green  colour,  but  in 
Buch  small  quantities  as  scarcely  to  be  evident  to 
reagents.  To  detect  oxide  of  chrome,  which  is  al- 
most always  present,  a  peculiar  process  is  employed ; 
the  solution  is  agitated  for  several  days  with  fr^hly 
precipitated  carbonate  of  silver,  the  gray  precipitate 
is  collected  and  treated  with  very  dilute  nitric  acid ; 
that  part  of  the  blackish-  gray  residue  which  is  un- 
acted on  by  the  nitric  acid,  is  heated  to  redness 
with  carbonate  of  soda,  the  mass  dissolved  in  boiling 
water,  filtered,  and  the  yellow  filtrate  supersaturated 
with  hydrochloric  acid,  boiled,  treated  with  caustic 
potash  whilst  warm,  the  precipitate  dried  and 
heated  to  redness.  If  the  carbonate  of  potash  was 
prepared  from  cream  of  tartar,  carbonate  of  silver 
precipitates  from  it  peroxide  of  iron,  lime,  silica, 
chlorine,  and  peroxide  of  chrome.  The  dark  colour 
of  the  solution  is  due  to  organic  compounds  of  silver, 
which  arise  from  the  action  of  filtering  paper,  dust, 
&c.  The  dilute  nitric  acid  removes  the  excess  of 
carbonate  of  silver  with  any  traces  of  iron  and  lime. 
On  heating  the  residue  with  soda,  the  oxide  of 
chrome,  at  the  expense  of  the  oxygen  of  the  atmos- 
phere, is  converted  into  chromic  acid,  which  com- 
bines with  a  portion  of  the  soda,  another  part  of  the 
soda  forms  with  the  silica  present  silicate  of  soda, 
and  a  third  portion  with  the  chloride  of  silver  yields 
chloride  of  sodium  and  metallic  silver.  From  the 
heated  mass,  water  abstracts  chromate  of  soda,  sili- 
cate of  soda  and  chloride  of  sodium.  On  super- 
saturating with  hydrochloric  acid,  the  silica  pre- 
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cipitates ;  the  filtered  liquid  acquires  at  the  boiling 
temperature  a  green  colour,  the  chromic  acid  causing 
evolution  of  chlorine  and  forming  oxide  or  rather 
chloride  of  chrome : — 

2  at.  NaO  +  CrOg  and  8  at.  HCl,  form 

2  at.  NaCl,  1  at.  CraClj,  3  at.  CI,  and  8  at.  HO. 

Prom  this  solution,  caustic  solution  of  potash 
precipitates  oxide  of  chromium.  The  detection  of 
the  chromium  in  carbonate  of  potash  is  only  of 
scientific  interest,  as  at  least  half  a  pound  of  salt  is 
requisite  to  obtain  a  satisfactory  indication  of  it ; 
the  same  process  however  serves  to  detect  the  lime, 
peroxide  of  iron,  and  silica,  from  which  according 
to  my  experiments  no  carbonate  of  potash  is  abso- 
lutely free.*  Attention  has  lately  been  called  to 
carbonate  of  potash  containing  carbonate  of  soda; 
this  may  be  partly  accidental  and  partly  intentional. 
To  detect  the  admixture,  the  alkali  is  saturated 
exactly  with  acetic  acid,  warmed  to  drive  off  the 
carbonic  acid,  concentrated  if  necessary,  and  a  solu« 
tion  of  neutral  antimoniate  of  potash  added.  If 
soda  is  present,  a  white  granular  precipitate  of  anti- 
moniate of  soda  is  formed,  whilst  pure  acetate  of 
potash  will  not  be  affected  by  it. 

In  order  to  determine  the  value  of  commercial 
potashes  quickly,  that  is,  the  quantity  of  pure  car- 
bonate of  potash  they  contain,  the  following  method 
will  be  found  simple  and  convenient.  100  Parts  are 
dissolved  in  three  times   their  weight  of  boiling 


*  I  once  received  a  sample  of  potashes  containing  so  much  iron 
in  a  soluble  state  that  it  could  not  be  entirely  freed  ttx>m  it,  and 
was  therefore  converted  into  sulphate  of  potash.  The  iron  was 
present  as  protoxide ;  exposed  to  the  air  it  gradually  acquired  a 
yellowish  brown  colour,  and  on  solution  it  gave  a  large  residue 
of  hydrated  oxide  of  iron.  On  evaporating  this  solution  to  dry- 
ness, a  pale  Kreenish  yellow  salt  was  obtained,  which  also  became 
of  yellowish  Drown  colour  in  the  air.  Sulphuret  of  potassium  only 
caused  the  precipitation  of  a  portion  of  the  iron.  These  pot- 
ashes contained  neither  nitric  acid,  nor  cyanogen  compounds. 
The  whole  appearances  are  in  fact  very  striking  and  remarkable. 
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water,  the  solation  filtered  into  a  capadous  po(ree<> 
lain  dish,  the  contents  of  the  filter  well  waahed, 
and  the  filtered  liquid  after  adding  to  it  one  or  two 
drops  of  tincture  of  litmus  is  gently  boiled,  and  a 
solution  of  108  grains  of  pure  tartaric  acid  in  392 
grains  of  water  added,  so  long  as  the  liquid  retains 
its  blue  yiolet  colour.  The  excess  of  tartaric  acid 
solution  is  then  weighed,  and  the  quantity  used, 
being  thus  discoyered,  is  divided  by  5,  the  quotient 
giving  the  per-centage  of  pure  carbonate  of  potash 
in  the  potashes.  For  instance,  we  take  500  grains 
of  tartaric  acid  solution,  of  this  400  grains  are  requir 
site,  consequently  the  potash  contains  400 -r  5 » 80 
per  ct.  carbonate  of  potash.  The  tincture  of  litmus 
IS  employed  to  determine  the  point  of  saturation. 


KALIUM  OXIDATUM  BICARBONICUM, 

PotcisstB  Bicarbotuu, — Bicarbonate  of  Potash, 

FoB3njLA:  (KO  +  C02)  +  (HO  +  C02). 

Preparation. — (a.)  Withjree  carbonic  acid,  A.  chea:p 
and  easy  method  of  forming  this  salt  is  to  place  yery 
shallow  porcelain  dishes  in  a  wine  or  beer  cellar, 
dose  to  barrels,  the  contents  of  which  are  under- 
going fermentation;  the  dishes  are  covered  with 
purified  potashes,  to  the  depth  of  ^rd  of  an  inch, 
and  then  sufficient  water  added  to  moisten  without 
liquifying  it ;  every  few  days  the  mass  is  stirred, 
and  in  about  a  fortnight  tested  by  diluting  with 
water,  filtering,  and  adding  sulphate  of  magnesia  to 
the  solution.  Should  this  cause  a  turbidness  the 
potash  must  again  be  exposed  to  the  atmosphere  of 
carbonic  acid,  but  if  it  remains  unaffected  the  vessel 
is  emptied  into  a  tared  porcelain  evaporating  dish, 
distilled  water  added  to  double  the  weight  of  car* 
bonate  of  potash,  and  the  dish  warmed  ia  a  water 
bath.    The  temperature  of  the  latter  must  never  ex- 
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ceed  140^  Fah.,  to  insure  which,  a  thermometer 
should  always  be  kept  in  the  water.  When  the 
salt  has  entirely  dissolyed,  it  is  quickly  filtered  and 
the  solution  allowed  to  remain  quietly  some  days  in 
a  cool  place.  The  crystals  which  form  are  separated 
from  the  mother  liquor,  the  latter  evaporated  to  half, 
in  a  water  bath,  again  allowed  to  crystallize,  and 
the  evaporation  repeated.  The  mother  liqadt  which 
now  remains,  is  evaporated  to  dryness  and  used  as 
simple  carbonate  of  potash  ;  the  crystals  are  spread 
on  filtering  paper  and  exposed  to  the  air  in  a  cool 
dry  place.  They  should  weigh  as  much  or  rather 
more  than  the  carbonate  of  potash  used. 

If  obliged  to  prepare  the  carbonic  acid  purposely, 
the  following  process  should  be  followed;  in  a 
double-necked  bottle  (a  Woulff*a  bottle)  are  placed 
1  part  of  carbonate  of  potash  and  3  of  water ;  in  a 
second  Woidffs  bottle  is  put  1  part  of  carbonate  of 
lime  in  small  solid  lumps,  (marble  or  calcareous 
spar,)  and  1  part  of  water ;  into  one  neck  of  this  last 
bottle  is  fitted,  by  means  of  a  cork,  a  long  necked 
funnel,  which  reaches  nearly  to  the  bottom,  and  in 
the  second  neck  a  double-limbed  tube,  the  other  end 
of  which  fitting  into  the  neck  of  a  smaller  WoulflTs 
bottle  just  dips  below  the  surface  of  the  water  which 
covers  the  bottom  of  the  bottle,  about  an  inch  deep  ; 
this  small  bottle  is  also  connected  by  a  rather  large 
double-limbed  tube,  with  the  first  mentioned 
WoulfTs  bottle,  and  the  end  of  the  tube  is  placed  a 
few  inches  deep  into  the  solution  of  carbonate  of 
potash.  The  first  tube,  connected  with'  the  bottle 
in  which  the  gas  is  generated,  may  be  of  lead,  the 
second  must,  however,  be  of  glass,  and  is  better  cut 
in  the  middle  and  connected  with  a  piece  of  caout- 
chouc to  render  it  more  moveable.  The  following 
woodcut  will  explain  the  arrangement  better. 
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(a)  is  the  generating  flask  containing  the  carbonate 
of  lime,  (6)  the  funnel  tube,  {e)  the  leaden  tube,  (d) 
the  wash  bottle,  (e)  the  glass  tube,  (/)  the  botHe  of 
potash  solution.  All  openings  excepting  the  tubu- 
late (g)  are  carefully  closed,  and  a  portion  of  com- 
mon hydrochloric  acid,  spec.  gray.  1*130  is  poured 
through  the  funnel  {b) ;  as  soon  as  the  effervescence 
ceases,  a  second  portion  of  acid  is  added ;  the  bottle 

(b)  should  be  occasionally  agitated.  When  the  gas 
has  been  evolyed  about  a  quarter  of  an  hour,  a 
moist  bladder,  freed  from  air,  is  fastened  to  the  tu- 
bulate {g).  The  bladder  will  be  filled  by  the  acid 
which  escapes  absorption  in  passing  through  the 
liquid,  but  as  the  stream  slackens  it  again  coUapses. 
As  more  acid  is  added  to  the  carbonate  of  lime  the 
bladder  again  expands  and  re-coUapses  as  before 
this  continues  until  the  alkaline  solution  is  tho- 
roughly saturated,  when  it  remains  filled,  and  the- 
liquid  rises  in  the  funnel  tube  (a) ;  this  point  is 
reached  when  the  carbonate  of  lime  is  dissolved, 
and  about  3  parts  of  acid  have  been  used.  As  the 
operation  must  not  be  hurried,  the  evolution  of  gas 
is  not  aided  by  heat.  From  the  absorption  of  car- 
bonic acid  the  contents  of  the  flask  (/)  gradually 
rise  in  temperature,  this  must  not  be  lowered  arti- 
ficially, as  the  heat  faciltates  the  formation  of  the  bi- 
carbonate of  potash.     If,  after  standing  some  hours. 
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the  bladder  becomes  entirely  collapsed,  more  car- 
bonic acid  must  be  eyolved  from  (a),  but  this  is  sel- 
dom requisite.  The  contents  of  the  flask  (/)  are 
now  put  into  a  porcelain  dish,  warmed  and  crystal- 
lized as  before  directed. 

(b,)  With  carbonate  of  ammonia, — On  the  small 
scale  bicarbonate  of  potash  may  be  conveniently  made 
by  dissolving  2  parts  of  carbonate  of  potash  with  6 
parts  of  water  in  a  porcelain  dish,  and  adding 
1  part  of  powdered  carbonate  of  ammonia;  the 
whole  is  warmed  in  a  water-bath  (see  previous 
directions)  until  ammoniacal  fumes  are  no  longer 
evolved,  then  filtered,  placed  in  a  cool  spot  to  allow 
the  crystals  to  separate,  and  the  mother  liquor  con- 
centrated once  or  twice ;  the  last  portions  of  it  may 
be  evaporated  to  dryness,  the  residue  being  simple 
carbonate. 

Recapitulation, — (a.)  The  simple  carbonate  of 
potash  is  capable  of  absorbing  1  entire  atom  of 
carbonic  acid,  and  forming  with  it  a  readily  crys- 
tallizable  salt.  Any  silica  the  potash  may  contain 
will  thus  be  separated  and  rendered  insoluble.  The 
carbonic  acid  which  is  obtained  from  alcoholic  fer- 
mentation is  formed  by  the  separation  of  the  sugar 
in  the  presence  of  a  ferment  into  this  gas  and 
alcohol : — 

1  at.  C12H12O12  (anhydrous  grape  sugar),  forms 

2  at.  C4H6O2  and  4  at.  COg. 

By  moistening  the  salt,  carbonic  acid  is  more  readily 
absorbed.  The  testing  with  sulphate  of  magnesia  is 
to  ascertain  whether  much  simple  carbonate  of 
potash  remains,  in  which  case  a  precipitate  of  car- 
bonate of  magnesia  will  be  formed,  whilst  the 
bicarbonate  of  potash,  although  decomposed,  (it 
forms  bicarbonate  of  magnesia  and  sulphate  of 
potash,)  is  not  rendered  turbid  (in  the  cold).  This 
test  answers  the  purpose,  but  it  is  not  very  accurate, 
as  bicarbonate  of  potash  containing  only  a  small 
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qnantity  of  carbonate  giyes  no  precipitate  with 
BiilphAte  of  magnesia.  On  warming  the  salt  with 
water  to  obtain  a  complete  and  saturated  solution, 
the  latter  must  not  be  raised  higher  than  the  given 
temperature,  far  less  to  the  boiling  point,  otherwise 
the  1  atom  of  carbonic  acid  is  giyen  c^  and  the 
salt  again  reduced  to  the  simple  carbonate.  The- 
loss  of  a  little  carbonic  acid  is  unavoidable,  and  we 
must  not  expect  to  obtain  the  whole  of  the  carbonate 
employed,  as  bicarbonate ;  this  is  of  no  great  conse- 
quence, as  after  the  second  or  third  crystallization 
tiie  mother  liquor  is  used  as  simple  carbonate. 

In  using  carbonate  of  lime  and  hydrochloric  acid 
to  generate  carbonic  acid,  chloride  of  calcium  and 
water  are  formed,  and  remain  in  the  generating 
bottle : — 

1  at.  CaO  +  CO2  and  1  at.  HCl,  form 
1  at.  CaCl,  1  at.  HO  and  1  at.  CO,. 

625  Parts  of  carbonate  of  lime  require  455  parts  of 
anhydrous  or  1750  parts  of  hydrochloric  acid,  spec, 
gray.  1*130  (containing  26  per  ct.}.  The  gas  in 
escaping  carries  with  it  traces  of  chloride  of  calcium, 
and  in  order  that  the  potash  solution  may  not  be 
contaminated,  it  is  first  conducted  through  the  wash 
bottle  d.  In  order  that  the  evolution  of  gas  may 
not  be  too  violent,  solid  pieces  of  carbonate  of  lime 
are  used.  The  hydrochloric  acid  cannot  weU  be 
replaced  by  dilute  sulphuric  acid,  as  this  forms  on 
the  carbonate  of  lime  a  crust  of  difficultly  soluble 
gypsum,  which  prevents  the  further  action  of  the 
acid.  The  carbonic  acid  evolved  from  625  parts  of 
carbonate  of  lime  should  be  sufficient  to  convert  865 
parts  of  carbonate  into  bicarbonate ;  for 

1  at.  CO2,  1  at.  KO  +  CO2  and  1  at.  HO,  form 
1  at.  (KO  +  CO2)  +  (HO  +  CO2). 

Bather  more  than  this  proportion  must  be  generated, 
and  the  quantity  of  carbonate  of  lime  consequently 
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increased,  in  order  to  allow  for  that  absorbed  by  the 
fluid  of  the  two  first  bottles.  The  bladder  fastened 
to  the  tubulus  of  the  bottle /serves  partly  to  prevent 
the  escape  of  gas,  and  partly  as  an  indicator  of  its 
point  of  saturation,  from  the  excess  of  gas  keeping 
it  expanded.  The  bladder  must  not  be  fastened  on, 
until  the  carbonic  acid  has  expeUed  all  the  atmo* 
spheric  air ;  if  this  precaution  be  not  taken,  the 
bladder  wiU  not  only  prevent  the  passage  of  the 
carbonic  acid,  but,  remaming  fiJled  with  atmo- 
spheric air,  will  be  no  guide  as  to  its  saturation. 
Another  evU  experienced  by  at  once  attaching  the 
bladder  is,  that,  from  the  pressure  of  the  atmo- 
spheric air  which  is  forced  by  the  gas  into  the 
bottle  /,  the  liquid  is  forced  through  the  funnel 
tube,  long  before  the  operation  is  ended.  The  rest 
of  the  manipulation  has  been  already  explained. 

If  carbonate  of  potash  from  potashes  is  employed, 
the  first  gas  passed  through  causes  a  precipitation  of 
silicic  acid,  (which  it  displaces,)  and  after  some 
little  time,  if  the  proportion  of  water  is  small,  a 
separation  of  crystals  of  bicarbonate  of  potash 
occurs.  A  wide  glass  tube  is  employed  to  prevent 
its  stoppage  by  the  crystals.  If  the  potash  is  not 
very  impure  the  last  of  the  mother  liquor  will  con- 
tain the  whole  of  the  sulphate  of  potash,  chloride  of 
potassiiun,  &c. 

The  liquid  in  the  generating  flask  may  be  used 
for  chloride  of  calcium. 

(6.)  In  the  warm,  carbonate  of  ammonia  gives  up 
its  acid  to  the  carbonate  of  potash,  forming  bicar- 
bonate, whilst  anmionia  is  evolved.  It  is  quite 
immaterial  whether  the  sesquicarbonate  or  bicar- 
bonate of  ammonia  is  employed ;  for 

3  at.  KO  +  CO2,  1  at.  2NH4O  +  SCOg,  and 

1  at.  HO,  form 
3  at  (KO  +  CO2)  +  (HO  +  CO2)  2  at.  NH3 ; 

or, 

o  o 
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2  at.  KO  +  CO2  and  1  at.  (NH^O  +  COj)^. 

HO  +  CO2,  form 
2  at.  (KO  +  CO2)  +  HO  +  CO2,  and  1  at.  NHg. 

2595  Parts  of  carbonate  of  potash  require  1475  parts 
of  sesquicarbonate  of  ammonia,  or  1730  parts  of  the 
former  988  parts  of  the  bicarbonate,  being  about  2 
parts  of  carbonate  of  potash  to  1  part  of  ei&er  of  the 
ammoniacal  salts.  In  this  case,  if  the  carbonate  of 
potash  contains  silica,  this  is  precipitated.  It  is 
scarcely  possible  to  economize  the  ammonia  eyolTed, 
as  the  fluid  requires  yery  frequent  stirring. 

Properties, — ^The  bicarbonate  of  potash  forms  per- 
manent, transparent,  oblique,  rhombic  prisms,  or 
tabular  crystals ;  it  is  odourless,  of  a  mild,  saline 
(somewhat  caustic)  taste.  Heated  it  loses,  without 
fusing,  half  its  carbonic  acid  and  water,  simple  car- 
bonate of  potash  remaining.  Cold  water  dissolves 
one-fourth,  hot  water  its  own  weight  of  the  salt. 
The  solution  has  a  feebly  alkaline  reaction,  which  in 
the  heat  becomes  alkaline,  £:om  the  formation  of 
simple  carbonate.  Alcohol  only  takes  up  traces  of 
the  salt.  If  it  becomes  moist  when  exposed  to  the 
air,  it  contains  simple  carbonate  of  potash,  and 
sulphate  of  magnesia  will  cause  a  turbidness  in  the 
solution ;  but,  as  before  stated,  this  test  is  not  yery 
accurate,  small  quantities  of  carbonate  of  potash  in 
the  bicarbonate  escaping  detection.  A  solution  of 
bichloride  of  mercury  answers  the  purpose  better, 
causing  with  bicarbonate  of  potash  a  white  precipitate 
of  bicarbonate  of  peroxide  of  mercury,  which,  after  a 
short  time,  liberates  carbonic  acid  and  remains  as  a 
brownish  red  basic  carbonate ;  whilst  if  the  salt 
contains  simple  carbonate  the  precipitate  will  from 
the  first  be  of  a  yellow  or  brownish  colour.  Other 
impurities,  as  sulphuric  or  hydrochloric  acids  or 
metalSf  are  to  be  looked  for  as  directed  imder 
Kali  Causticum. 
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KALIUM  OXIDATUM  CHLORICUM. 

Potassa  Chloras, — Chlorate  of  Potash, 
Formula:  KO+CIO5. 

Preparation, — 3  Parts  of  carbonate  of  potash  are 
dissolved  in  20  parts  of  water,  the  same  intimately 
rubbed  with  8  parts  of  caustic  hydrated  lime  to  a 
uniform  creamy  consistence,  and  the  mixture  put 
into  a  flask,  which  it  must  not  more  than  f  fill. 
The  flask  is  closed  with  a  cork  in  which  two  holes 
are  bored,  one  of  these  is  to  admit  the  glass  tube, 
through  which  the  chlorine  is  conducted,  and  must 
reach  nearly  to  the  bottom,  the  second  contains  a 
double-limbed  tube  which  passes  nearly  to  the 
bottom  of  a  second  flask,  also  containing  a  mixture 
of  3  parts  of  carbonate  of  potash,  20  parts  water 
and  8  parts  hydrate  of  lime.  The  tubes  must  not 
be  less  than  ^  of  an  inch  in  diameter,  and  the  two 
limbs  should  be  separate  and  connected  with 
caoutchouc  to  render  them  more  moveable,  and  less 
liable  to  breakage.  Both  flasks  are  placed  with 
straw  beneath  them  in  a  water  bath.  The  chlorine 
gas  is  evolved  from  a  mixture  of  1  part  peroxide  of 
manganese,  1  part  of  water,  and  3  parts  of  common 
hydrochloric  acid,  spec.  grav.  I'lSO.  The  annexed 
drawing  explains  the  apparatus. 

All  openings  are  carefully  closed  with  luting  and 
bladder,  excepting  the  mouth  of  the  flask  (c), 
which  is  only  loosely  covered  with  bladder.  As 
soon  as  the  chlorme  begins  to  be  evolved,  which 
must  be  assisted  by  applying  heat  to  the  generat- 
ing flask)  the  water  baths  containing  (b)  and  (c)  are 
brought  nearly  to  the  boiling  point ;  as  the  process 
goes  on,  this  artificial  heat  is  unnecessary,  the 
absorption  of  the  chlorine  raising  the  temperature 
sufficiently.    The  flasks  must  every  now  and  then 
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be  agitated.  The  chlorine  is  continued  tintil  the 
contents  of  the  flask  (b)  have  become  entirely  or 
nearly  clear,  and  for  this,  with  3  parts  of  carbonate 
of  potash,  and  8  of  hydrate  of  lime,  in  each  fl.a8k, 
60  parts  of  peroxide  of  manganese,  and  150  of 
muriatic  acid  must  be  used.  The  apparatus,  to 
prevent  absorption,  is  separated  before  it  cools,  the 
flask  (6)  remoTcd,  {c)  put  in  its  place,  another  flask 
filled  with  a  similar  mixture  of  carbonate  of  potash, 
lime,  and  water,  substituted  for  (c),  the  stream  of 
chlorine  continued  until  the  contents  of  (c)  are 
saturated,  and  so  continued  imtil  sufficient  chlorate 
of  potash  has  been  obtained.  The  number  of  flasks 
saturated  does  not  aflect  the  process ;  (c),  or  that 
which  has  not  sufficient  gas  through  it,  is  set  on  one 
side  ;  {b)  is  heated  in  a  water  bath  until  it  gives  off 
no  more  smell  of  chlorine,  its  contents  then  diluted 
with  sufficient  water  to  make  it  weigh  36  parts,  and 
■again  heated  and  filtered  as  soon  as  all  l^e  salt  is 
dissolved.  The  liquid  is  put  in  a  cool  spot,  the 
crystals,  which  separate,  are  after  some  days 
removed  from  the  mother  liquor  and  the  latter  again 
evaporated  to  crystallization.  If,  after  so  treating  it 
two  or  three  times,  the  mass  soHdifies,  a  little  cold 
water  is  added,  which  readily  dissolves  the  chloride 
of  calcium,  but  leaves  most  of  the  chlorate  of 
potash.    The  salt  is  then  collected  and  purified  by 
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recrystallization.  The  produce  from  3  parts  of  car- 
bonate of  potash,  and  8  of  hydrate  of  lime,  should 
be  from  4  to  4^  parts. 

Should  it  be  desirable  to  use  chloride  of  potas- 
sium, which  frequently  occurs  in  chemical  processes 
as  a  secondary  product,  this  is  substituted  for  car- 
bonate of  potash,  the  proportions  being  3  parts  of 
chloride  of  potassium,  20  parts  of  water,  and  9 
parts  of  hydrate  of  lime.  It  is  perhaps  advanta- 
geous even  to  neutralize  the  carbonate  of  potash 
with  common  hydrochloric  acid,  if  we  have  no 
chloride  of  potassium,  and  use  the  solution  (taking 
into  calculation  the  water  it  contains). 

Becapitulation, — When  chlorine  is  passed  into  dry 
hydrate  of  lime,  or  milk  of  lime,  it  forms  in  the 
first  instance  a  bleaching  compound  (chloride  of 
lime)  ;  the  oxygen  of  1  at.  of  lime  uniting  with 
1  at.  of  chlorine  to  form  hypochlorous  acid,  which 
combined  with  1  at.  of  limie  forms  hypochlorite  of 
lime,  the  important  bleaching  principle  of  chloride 
of  lime.  A  second  atom  of  chlorine  combines  with 
the  reduced  atom  of  calcium  to  form  chloride  of 
calciimi : — 

2  at.  CaO,  and  2  at.  CI,  form 

1  at.  CaO  +  CIO,  and  1  at.  CaCl. 

A  large  portion  of  the  lime  remains  still  un- 
changed, and  the  mixtnre  forms  the  chloride  of  lime 
of  commerce.  If  more  chlorine  is  passed  into  this 
mixture,  the  free  lime  is  converted  into  the  bleach- 
ing compound,  but,  at  the  same  time,  that  already 
formed  experiences  a  second  change,  to  which 
finally,  if  sufficient  chlorine  is  employed,  the  whole 
of  the  lime  is  subject.  The  chloride  of  calcium 
formed  remains  unaltered,  but  the  hypoclilorite  of 
lime  is  so  decomposed  that  3  parts  of  it  form  2  at. 
chloride  of  calcium,  and  1  at.  chlorate  of  lime  : — 

3  at.  CaO  +  CIO,  form 

2  at.  CaCl,  and  1  at.  CaO  +  CIO5. 

00  2 
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flo  that  the  final  result  from  6  at.  lime,  and  6  at; 
chlorine,  are  5  at.  chloride  calcium,  and  1  at. 
chlorate  lime :  — 

6  at.  CaO,  and  6  at.  CI,  form 

6  at.  CaCl,»  and  1  at.  CaO  +  C105. 

Potash  (or  soda)  behayes  like  Hme,  and  if  1  at.  of 
lime  is  replaced  by  1   at.  of  irataaJi,  an  atom  of 
■chlorate  of  potash  is  formed,  by  reason  of  its  nune 
difficult  solubility  than  chlorate  of  lime,   and  no 
chloride  of  potassiimi.    K,  instead  of  pure  potash, 
we  employ  carbonate  of  i>otash,  carbonate  of  litno 
becomes  formed,  but  this  is  afterwards  changed  into 
chloride  of  calcium,  the  carbonic  acid  being  given 
ofL      Formerly  only  potash  was  employed  in  the 
preparation  of  this  salt,  but  as  {  of  ih.e  potash 
went  to  form  chloride  of  potassium,  a  salt  of  but 
little  yalue,  the  cost  was  yery  much  enhanced; 
by  employing  lime  to  afford  oxygen  to  the  chlorine, 
the  cost  is  lessened,  but  the  cheapest  method  is,  to 
substitute  for  the  carbonate  of  potash,  chloride  of 
potassium,  which  is  often  obtained  as  a  secondaiy 
or  waste  product  (as  in  the  preparation  of  tartaric 
acid  (a) ) ;  for  1  at.  of  this  6  at.  of  lime  are  requi- 
site; for, 

1  at.  KCl,  and  6  at.  CaO,  form 
6  at.  CaCl,  and  1  at.  KO  +  CIO5. 

2775  Parts  of  hydrate  of  lime  require  933  parts 
of  chloride  of  potassium,  or  6  at.  =s  2312  parts  of 
hydrate  of  lime,  865  parts  of  carbonate  of  i>otash. 
In  order  to  conyert  the  potash  into  chlorate,  and  the 
lime  into  chloride  of  csdcium,  6  at.  =  2658  parts  of 
chlorine  are  necessary,  and  thes»  are  equiyalent  to 
2733  parts  of  anhydrous  hydrochloric  acid,  or 
10500  parts  of  acid,  spec.  gray.  1*130.  Under  the 
article  Chlobum  Aquosum,  it  is  shown  that  on 
treating  peroxide  of  manganese  with  hydrochloric 
acid,  the  chlorine  of  only  half  the  latter  is  evolved, 
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the  other  half  combining  with  the  manganese,  con^ 
sequently  the  quantity  of  acid  must  be  doubled. 
But  practice  shows  that  21000  parts  of  hydrochloric 
acid  are  not  sufficient  to  convert  1  at.  potash  and 
6  at.  lime  into  chlorate  of  potash  and  chloride  of 
calciiim,  as  a  portion  of  chlorine  always  escapes 
uncombined,  and  cannot  be  prevented  so  doing; 
for  this  reason  a  much  larger  proportion  of  manga- 
nese and  hydrochloric  acid  is  ordered  than  would 
appear  from  calculation  to  be  necessary.  In  order 
to  prevent  this  chlorine  from  being  lost,  a  second 
bottle  (e)  is  attached  ;  from  this  a  little  chlorine  will 
also  escape,  but  I  cannot  recommend  that  more 
flasks  should  be  attached,  as  it  would  render  the 
apparatus  too  unwieldy.  At  the  commencement  of 
the  process  the  absorption  of  chlorine  is  so  perfect, 
that  not  a  trace  of  it  can  be  detected  close  to  the 
apparatus ;  when  about  half-finished  the  empty  space 
in  the  flask  (b)  has  a  greenish-yellow  appearance, 
and,  from  this  period,  gas  continues  to  pass  into  the 
flask  (c).  The  absorption  of  the  chlorine  is  consi- 
derably facilitated  by  warming  the  alkaline  mixture, 
if  this  is  omitted  at  least  as  much  more  chlorine 
is  requisite,  and  both  time  and  material  are  wasted. 
Not  more  than  24  parts  of  water  must  be  employed 
with  8  parts  of  lime,  as  the  more  concentrated  the 
solution  the  more  quickly  is  the  chlorine  absorbed. 
In  order  that  the  glass  tube  may  not  become  stopped 
up,  either  by  the  thick  pasty  mass  or  the  salt  which 
forms,  one  at  least  ^  of  an  inch  in  diameter  should 
be  employed.  When  the  chlorine  has  been  passed 
into  it  for  some  little  time,  the  mixture  acquires  a 
rose  colour,  from  the  formation  of  ferric  acid ; 
oxide  of  iron  is  a  never-failing  contamination  of 
lime : — 

1  at.  FejOg,  3  at.  CI,  and  3  at.  HO,  form 

2  at.  FeOg,  and  3  at.  HCl. 

Gradually  the  milk  of  lime  becomes  thiner,  until 
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1  at.  KO  +  CaiOs,  and  8  at.  C,  fixcm 
1  at.  KCl,  and  8  at.  CO,. 

Hie  detonatiofn  is  caused  by  the  oi^gcai  which,  is 
liberated  dxiying  away  the  atmospherio  air,  but 
being  again  instantly  condensed*  (t.«.  combining  with 
the  combustible  body,)  the  latter  rushes  back  into  its 
former  place.  At  the  ordinary  temperature,  the 
salt  dissolyes  in  Id  parts,  at  the  boiling  temperature 
in  2  parts  of  water  :  alcohol  of  80  per  ct.  dissolves 
only  m  at  the  common  temperature,  but  much  more 
when  boiling.  The  solution  has  neither  an  add  nor 
an  alkaline  reaction.  This  salt  is  generally  con- 
taminated with  chloride  ofpoiasnum  ;  in  which  case 
nitrate  of  silver  causes  the  well-known  precipitate  of 
chloride  of  nlver.  If  it  attracts  moisture  mnn  the 
air,  it  is  not  free  from  chloride  ofcaUsvum^  which  is  to 
be  detected  by  oxalate  of  ammonia.  A  yellow  colour 
indicates  iron  which  is  proved  by  ferrocyanide  of  po- 
tassium. The  admixture  of  nitrate  ofpotaeh  with  it 
is  known  on  heating  a  portion  fi>r  some  time  to  red- 
ness, by  its  solution  imparting  a  brown  colour  to 
turmeric  paper.  The  saltpetre  when  heated  loses  a 
portion  of  its  acid,  {vide  Kali  Nitbicum,)  whilst 
chlorate  of  potash  when  heated  gives  only  neutral 
chloride  of  potassium. 


KALIUM    OXIDATUM   NITRICUM 
DEPURATUM. 

Potassa  Nitraa, — Purified  Nitrate  of  Potash,-^ 
Purified  Saltpetre, 

Formula:  KO  +  NOg. 

Preparation, — ^Previously  to  purifying  the  com^ 
men  nitre  of  commerce,  it  is  tested  for  lime  and 
magnesia ;  if  oxalate  of  ammonia  renders  the  solu- 
tion turbid,  the  foxmer  of  these  is  present ;  and  on 
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separatiiig  this  precipitate,  a  second  one  caused  by 
phosphate  of  ammonia  indicates  the  latter.     If  this 
be  the  case,  the  nitre  is  dissolved  in  6  times  its 
weight  of  pure  water,  and  for  every  pound  of  sah 
^z.  of  hydrate  of  lime  is  added,  the  whole  well 
stirred  is  allowed  to  stand  for  some  days  and  then 
filtered.     To  the  clear  liquid,  a  solution  of  car- 
bonate of  potash  is  added  by  drops,  so  long  as  it 
causes  a  precipitate,  and  again  filtered.    The  nitrate 
is  now  evaporated  in  a  clean  copper  vessel  until  it 
is  reduced  to  about  1^  times  the  weight  of  the  salt- 
petre used,  then  poured  into  an  earthenware  or 
porcelain  dish,   and    stirred  with  a  porcelain  or 
wooden  spatula  until  cool ;  the  cooling  may  be  as- 
sisted by  placing  the  dish  in  cold  water,  ice,  or 
snow.    The  granulated  saltpetre  thus  obtained  is, 
together  with  the  supernatant  mother  liquor,  put 
into  a  percolator,  varying  in  size  according  to  the 
quantity  of  the  salt.    When  the  mother  liquor  has 
drained  off  as  much  as  possible,  pure  cold  water  is 
poured  on  the  top,  until  the  solution  which  escapes 
no  longer  becomes  turbid  when  tested  with  nitrate 
of  baryta ;  when  this  point  is  attained,  a  cold  satu- 
rated solution  of  chemically  pure  nitre  is  added  in 
the  same  manner,  until  nitrate  of  silver  solution  no 
long  causes  a  precipitate  in  it ;  if  chemically  pure 
nitre  is  not  to  be  obtained,  cold  water  must  be  sub- 
stituted, but  this  causes  a  great  waste  of  salt.    The 
saline  mass  thus  purified  is  spread  upon  linen  and 
dried  with  a  gentle  heat ;  the  yield  will  be  f  to  §  of 
the  raw  material  employed. 

The  mother  liquors,  wash  waters,  &c.,  are  col- 
lected and  evaporated,  either  to  a  second  crystal- 
lization, or  else  to  dryness,  and  used  in  processes 
where  a  little  colouring  matter,  chloride  of  potas- 
sium, or  sulphate  of  potash  is  unimportant ;  as  aiP' 
timonium  diaphoreticumf  &c. 

It  is  of  course  understood  that  when  neither  lime 
nor  magnesia  is  present,  the  treatment  with  lime 
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find  carbonate  of  potash  may  be  omitted.  The  salt 
is  then  only  dissolved  in  twice  its  weight  of  boiling 
water,  filtered  whilst  hot,  the  clear  solution  eyapo* 
rated  to  1^  times  the  weight  of  the  original  sulv* 
stance  and  granulated  as  in  the  first  case. 

Recapitulation, — Common  saltpetre  generally  con- 
tains, besides  extractive  (colouring)  matter,  small 
portions  of  lime  and  magnesian  salts,  whilst  chlorides 
and  sulphates  as  well  as  soda  salts  are  always  pre- 
sent. The  lime  and  magnesian  salts  might  be  re- 
moved in  the  same  manner  as  other  impurities,  but 
then  these  would  remain  in  the  mother  liquor  and 
render  it  inapplicable  in  cases  where  sulphatesi 
chlorides,  soda  salts,  and  colouring  matter  were 
not  detrimental.  Por  this  reason  the  lime  and  mag- 
nesia must  be  entirely  removed.  The  lime  which 
is  added  being  a  more  powerful  base  displaces  and 
precipitates  the  magnesia,  increasing  of  course  the 
quantity  of  lime  salt,  but  which  is  in  its  turn  thrown 
down  by  carbonate  of  potash,  as  insoluble  carbonate 
of  lime.  The  liquor  so  far  purified  is  not  evapo- 
rated to  crystallization,  as  the  crystals  will  retain 
enclosed  within  them  a  certain  portion  of  mother 
liquor  which  renders  them  impure,  and  it  is  on  this 
account  that  all  large  crystals  of  nitre  adhere  to- 
gether when  powdered,  and  appear  moist.  The 
Hquor  is  therefore  evaporated  as  much  as  possible, 
and  then  well  stirred  to  destroy  the  crystals  as  they 
form.  The  evaporation  may  be  carried  on  in  clean 
copper,  but  the  granulation  (destroying  the  crystals) 
must  be  performed  in  a  porcelain  dish,  as  the  metal 
is  readily  attacked  by  the  salt  in  the  cold.  The 
granulation  of  course  proceeds  most  rapidly  and 
perfectly  in  the  winter,  when  ice  or  snow  may  be 
obtained  as  cooling  agents.  By  washing  with  cold 
water  (which  is  also  better  performed  in  winter)  the 
colouring  matter  and  any  soda  salts  are  next  re- 
moved and  then  the  sulphate  of  potash  and  chloride 
of  potassiumi  which  also  carry  with  them  some  of 
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the  nitre  in  solution.  If  we  tuied  only  water  to  ftec 
the  nitre  from  all  chloride  of  potaadmn,  a  large 
quantity  of  nitrate  of  jrataah  woidd  be  washed  awa^ 
before  the  liquid  ceaaed  to  cause  a  tozbidity-  widi 
nitrate  of  silver.  For  this  reason  whenever  it  ifl 
practicable,  a  concentrated  solution  of  pure  nitrate 
of  potash  is  employed,  for  as  this  solution  penetrates 
the  mass  it  takes  up  the  more  readily  soluble  chlo- 
ride of  potassium,  leaying  in  its  place  an  equiTalent 
quantity  of  nitrate  of  potash ;  in  this  case  also  • 
i^ght  loss  of  weight  is  experienced,  for  a  given 
quantity  of  water  dissolves  in  the  cold  more  chloxide 
of  potassium  than  nitrate  of  potash. 

Properties, — ^Pure  nitre  appears  as  a  snow-white 
crystalline  powder,  odourless,  and  of   a    cooling 
bitter  saline  taste.    Heated  it  fuses  to  a  colourless 
liquid,  but,  if  allowed  to  continue  long  in  this  state, 
it  gives  off  oxygen,   and  becomes  converted  into 
nitrite  of  potash  (KO  +  NO3),  afterwards  this  also 
is  decomposed,  oxygen  and  nitric  oxide  are  given 
off,  and  pure  potash  remains.     A  long-continued 
red  heat  is,  however,  necessary  to  entirely  decom- 
pose even  a  small  quantity  of  nitrate  of  potash.     It 
dissolves  in  4 — 4^  parts  of  water  of  the   ordinary 
temperature,  but  requires  only  the  half  its  weight 
of  boiling  water ;  the  solution  has  a  neutral  reac- 
tion,  and  forms    by  slow  evaporation  anhydrous 
fluted  prisms  of  a  considerable  size,  which  belong 
to  the  right  rhombic  system.     These  crystals,  as 
before  stated,  having  some  of  the  mother  liquor  en- 
closed, yield  a  moist  powder.    If  on  exposure  to 
the  air  the  nitre  becomes  moist  it  contains  some 
deliquescent  salt,  most  likely  of  lime  or  nMgnesia, 
In  either  case  carbonate  of  potash  will  cause  a  tur- 
bidity ;  but  the  lime  is  more  accurately  detected  by 
oxalate  of  ammonia,  and,  after  the  precipitation  of  the 
oxalate  of  lime,  the  magnesia  by  phosphate  of  am- 
monia   {vide    Ammon.   Culoratum    Depuratux.). 
Soda  is  determined  in  the   concentrated   mother 
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liquid  by  antimoniate  of  potash ;  (vide  Kali  Car- 
bon.) ;  sulphuric  acid  by  a  baryta  salt,  and  hydro- 
chloric  acid  by  a  salt  of  silver ;  copper  from  its  cho- 
colate-coloTired  precipitate  with  ferrocyanide  of  po- 
tassium, and  iron  from  its  blood-red  solution  with 
sulphocyanide  of  potassium.  ( Vide  Acid.  Acet.  and 
and  BisMTTTH  Nitr.) 

To  form  the  nitrum  tabulatum  (sal  prunella), 
some  oimces  are  fused  in  an  iron  spoon,  which  has, 
in  its  side,  about  one  quarter  of  an  inch  from  its 
edge,  a  small  hole  bored  about  the  size  of  a  pin's 
head,  through  which  the  fiised  mass  is  allowed  to 
pour  on  to  a  clean  sheet  of  iron  or  copper,  and  so  on 
with  fresh  quantities  of  salt.  When  subsequently 
fusing,  care  must  be  taken  that  none  of  the  fused 
salt  adheres  to  the  outside  of  the  spoon,  as  on 
coming  in  contact  with  the  coal  it  will  deflagrate 
and  form  carbonate ;  for  the  same  reason  no  coal 
must  be  allowed  to  fall  into  the  spoon.  Excepting 
a  small  quantity  of  nitrite  of  potash  which  is  formed 
during  the  fusion,  the  fused  nitrate  of  poteish 
exactly  resembles  in  its  chemical  constitution  the 
ordinary  saltpetre. 


KALIUM    OXIDATUM    OXALICUM 
NEUTRALE. 

Potassa  Oxalas^ — Neutral  Oxalate  of  Potash, 
Formula:   KO  +  C2O3  +  3HO. 

Preparation, — 8  Parts  of  binoxalate  of  potash  are 
warmed  in  a  capacious  porcelain  dish  with  30  parts 
of  pure  water,  and  pure  carbonate  of  potash  gra- 
dufdly  added  so  long  as  it  causes  an  effervescence ; 
the  liquid  is  tested  with  litmus  and  turmeric;  it 
should  have  a  neutral  reaction.  For  this  end  from 
6 — 6  parts  of  carbonate  of  potash  are  required. 

p  p 
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The  solution  is  filtered  and  allowed  to  crjBialliK. 
The  produce  will  be  11  to  12  parts. 

IUc(^;niukUum, — ^In  order  to  concert  the  binoxalafte 
ofpotaah  -  (KO  +  CjO,)  +  (HO  +  0,00  +  2HO  into 
the  neutral  salt  1  at.  of  carbonate  of  potash  is 
required;  or  for  1828  parts  of  binoxalate,  M 
parts  of  carbonate  of  potash.  As,  however,  the 
commercial  binoxalate  aJmost  always  contains  qood- 
roxalate,  which,  instead  of  49  contains  66  per  et 
oxalic  acid,  1  at.  of  carbonate  of  potash  is  not,  ^^ene- 
rally  speaking,  found  to  be  sufficient  to  neutralise 
the  acid  reaction.  It  is  not  necessary  to  dissolve 
the  binoxalate  of  i>otash  in  water,  for  in  becoming 
neutral  it  acquires  a  greater  solubility. 

Properties. — Neutnd  oxalate  of  potash  forms  per- 
manent colourless  prismatic  crystals,  which  are 
odourless,  with  a  bitter  cooling  taste.  Heated  it 
fuses,  first  giving  off  its  water,  and  thai  the  oxalie 
acid  entirely  decomposes  into  carbonic  oxide  and  car- 
bonic acid: — 

1  at.  C2O3,  forms  1  at.  CO,  and  1  at.  CO. 

The  carbonic  oxide  is  giyen  ofi^  but  the  carbciQic 
acid  remains  in  combination  with  the  potash.  Cold 
water  dissolves  half  its  weight  of  this  salt,  hot  water 
considerably  more ;  in  sdcohol  it  is  insoluble. 
The  aqueous  solution  has  at  first  a  neutral  reaction, 
but  on  keeping  for  some  time  becomes  alkaline, 
carbonate  of  potash  being  formed  (the  decompo- 
sition Ib  exactly  similar  to  that  it  undergoes  at  a  r^ 
heat) ;  and  of  course  it  now  effervesces  with 
acids.  In  testing  for  impurities  those  substances 
most  likely  to  be  found  in  carbonate  of  potash  must 
be  looked  for,  as  iron,  ahimina,  magnesia^  hydroehkrie 
<icidf  and  etUphttrie  acid.  The  most  probable  adulta* 
rations  are  nitre,  etilphate,  or  lUarirate  of  paUuh, 
The  nitre  is  detected  by  the  salt  deflagrating  when 
heated  to  redness  on  charcoal ;  the  aqueous  solution 
containing  sulphate  of  potaidi  gives  a  precipitate 
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with  chloride  of  barium  insoluble  in  hydrochloric 
acid :  bitartrate  of  potash  is  known  by  the  peculiar 
odour  it  eyolyes  ii&en  burnt,  and  the  black  car- 
bonaceous residue  it  leayes. 


KALIUM    OXIDATUM    SILICICUM 
SOLUBILK 

Soluble  SiliccUe  of  Potash. — Soluble  Glau, 
Formula:  KO  +  2Si03+xHO. 

Pnparation, — (a)  Wiih  cream  of  tartar, — 2  Parts 
of  finely-i>owdered  rough  tartar  are  intimately  mixed 
with  1  part  of  finely-powdered  quartz  (or  siLyer 
sand),  the  mixture  pressed  into  an  earthen  crucible, 
which  it  must  only  f  fill,  the  crucible  placed  on  a 
brick  in  a  good  wind  furnace,  coyered  with  a  tile, 
and  slowly  heated  to  redness.  The  heat  must  be 
continued  until  neither  smoke  nor  flame  escapes  from 
the  crucible,  and  the  contents  no  longer  froth  up, 
but  quietly  fuse.  The  syrupy  mass  is  now  poured 
into  an  iron  pot ;  when  cold  it  is  powdered,  and, 
together  with  the  crucible,  to  which  a  good  portion 
always  adheres,  is  exhausted  by  boiling  with  12 
parts  of  water  ;  when  all  has  dissolved,  the  crucible 
is  removed  and  the  solution  filtered  hot.  The  clear 
solution  is  evaporated  until  a  portion  taken  from  it 
acquires,  on  cooling,  a  gelatinous  consistence ;  it  is 
then  poured  into  a  glazed  dish,  and  kept  in  a  cool 
place.  Nearly  2  parts  of  gelatinous  soluble  glass 
are  obtained. 

(6)  With  carbonate  of  potash. — For  technical  pur- 
poses, where  large  quantities  are  of  more  considera- 
tion than  an  absolutely  pure  product,  common 
potashes  may  be  used  to  replace  the  cream  of  tartar. 
10  Parts  of  common  potash,  12  parts  of  finely-pow- 
dered quartz,  and  1  part  of  charcoal  powder,  are 
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intimately  mixed,  and  heated  in  a  crucible  until 
they  become  quietly  liquified;  the  mass  is  then 
poured  out,  and  boiled  in  an  iron  pot  with  100  parts 
of  water,  the  solution  placed  in  an  earthen  yessel, 
a  small  portion  of  finely-powdered  carbonate  of 
lead  added,  and  well  agitated  with  it.  If  a  filtered 
portion  imparts  to  lead  paper  (paper  saturated  with 
a  solution  of  acetate  of  lead)  no  brown  or  black 
colour,  it  shows  that  aU  the  sulphuret  of  potassium 
formed  during  the  fusion  is  decomposed ;  if  other- 
wise, small  portions  of  carbonate  of  lead  are  gradu- 
ally added  until  the  lead  paper  is  no  longer  acted 
on.  The  solution  thus  purified  is  filtered  and 
evaporated  to  the  same  consistence  as  under  (o). 
The  product  will  weigh  about  as  much  as  the 
material  employed. 

RecapitiUation, — It  has  been  already  explained, 
under  the  article  "  Kalium,"  that  when  cream  of 
tartar  is  burnt  the  acid  is  decomposed,  and  the 
residue  consists  of  carbonate  of  potash  and  carbon. 
At  a  red  heat  silicic  acid  combines  with  the  base  of 
the  carbonate,  driving  off  its  acid ;  this  reaction 
takes  place  only  by  a  long-continued  and  powerful 
heat,  but  is  greatly  assisted  when  the  carbonic  acid 
is  capable  of  forming  carbonic  oxide  gas.  For  this 
purpose,  the  finely-divided  charcoal  remaining  in- 
timately mixed  in  the  heated  mass  is  of  the  greatest 
advantage,  and  far  more  efficacious  than  when  car- 
bonate of  potash,  quartz,  and  charcoal  powder  are 
mixed  artificially : — 

1  at.  KO  +  CO2,  2  at.  SiOg,  and  1  at.  C,  form 
1  at.  KO  +  2Si03,  and  2  at.  CO. 

865  Farts  of  carbonate  of  potash  require  1154  parts 
of  silicic  acid,  and  75  parts  of  carbon,  if  the 
materials  are  pure ;  but  as  such  would  be  too  ex- 
pensive, a  slight  excess  of  potashes  and  charcoal  is 
ordered,  to  allow  for  the  impurities  which  they  con- 
tain, whilst  these  in  silver  sand  seldom  exceed  1 
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per  ct.  Instead  of  purified  cream  of  tartar,  the 
common  may  be  used ;    as  1  at.  cream  of  tartar, 

«(KO  +  T)  +  (HO  +  f)  forms  1  at.  carbonate  of 
potash,  so  1154  parts  of  silicic  acid  are  requisite  for 
2352  parts  of  cream  of  tartar.  The  bitartrate  of 
lime,  with  which  the  comnMHi  cream  of  tartar  is 
always  contaminated,  becomes  at  the  same  time 
converted  into  silicate  of  lime,  which,  on  treating 
the  fused  mass  with  water,  remains  behind.  The 
common  tartar  is  neyer  free  from  sulphate  of  potash, 
and  from  the  reduction  of  this  by  the  carbon,  the 
fused  mass  always  contains  sulphuret  of  potassium : — 

1  at.  KO  +  SO3,  and  4  at.  C,  form 
1  at.  KO,  and  4  at.  CO. 

This  sulphuret  of  potassium,  which  imparts  to  the 
preparation  a  disagreeable  h^atic  taste,  is  readily 
removed  by  agitating  with  carbonate  of  lead,  car- 
bonate of  iratash  and  insoluble  sulphiiret  of  lead 
being  formed.  The  evaporation  of  the  solution 
only  to  a  jelly  is  better  than  continuing  it  to  dry- 
ness, as  in  the  latter  ca^e  it  is  less  soluble  in 
water. 

Properties, — Soluble  glass  thus  prepared  is  a  yel- 
lowish-brown transparent  mass,  breaking  between 
the  fingers,  but  quickly  again  uniting  to  form  a 
jelly,  of  a  strongly  alkaline  taste  and  reaction. 
When  warmed,  it  fist  becomes  liquid,  and  finally 
dry.  Heated  to  redness  it  again  fuses,  forming 
when  cold  a  clear  hard  glass,  which  does  not  be- 
come moist,  but  gradually  loses  its  transparency  in 
the  air.  The  gelatinous  compound  readily  dissolves 
in  warm  water,  whilst  the  dried  requires  a  con- 
tinued boiling.  Acids  coagulate  the  solution,  by 
combining  with  the  potash  and  precipitating  the 
silicic  acid.  If,  at  the  same  time,  an  effervescence 
is  caused,  the  preparation  is  not  free  from  carbonate 
of  potash ;  wlulst,  under  the  same  circumstances, 

p  p  2 
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an  odour  of  sulphuretted  hydrogen  mdicates  nc^ 

phurets.    Imperfect  solubility  in  water  is  probaUj 
due  to  lime^  irony  &c. 


KALIUM    OXmATUM    STTBICUM 
ACIDUM. 

Pota88€B  Bi'Antimonias. — Antimomum  Diaphoreticum 
Ablutum  of  somePhamuiccpoBiaa, — Bin-AnttmonitUe 
of  Potash, 

Formula  :  KO  +  2Sb203  +  6HO. 

Preparation. — 4  Parts  of  powdered  metallic  anti- 
mony are  intimately  mixed  with  10  parts  of  nitrate 
of  potash,  and  i  part  of  powdered  charcoal,  and 
thrown,  a  spoonful  at  a  time,  into  a  red-hot  Hessian 
crucible.  When  all  deflagration  has  ceased,  the 
mass  is  heated  for  ^  an  hour,  the  crucible  allowed 
to  cool,  its  contents  remoyed  and  powdered,  then 
thrown  into  cold  water,  well  stirred  with  a  wooden 
spatula  for  some  hours,  and  allowed  to  subside, 
(the  crucible  is  also  inverted  in  a  vessel  of  water 
until  the  portions  adhering  to  it  have  detached 
themselves,  and  may  then  be  mixed  with  the  bulk). 
"When  the  solution  is  quite  clear  it  is  poured  o^ 
fresh  water  is  added  to  ^e  residue,  and  this  wash- 
ing repeated  so  long  as  the  alkaline  reaction  is  re- 
tained. The  white  residue  is  collected  on  a 
strainer,  and  dried  with  a  gentle  heat.  It  should 
weigh  from  5  to  5-J  parts. 

In  making  this  preparation,  the  sulphuret  of  an- 
timony is  'generally  substituted  for  the  pure  metal ; 
4  parts  of  the  sulphuret  require  12  parts  of  nitre, 
and  no  charcoal.  Thus  prepared,  the  Antimon. 
Diaphor.  is  generally  contaminated  with  iron  or 
lead,  and  has  a  yellow  colour.  The  yield  is  nearly 
the  weight  of  the  sulphuret  of  antimony  used. 

Recapitulation, — For  an  explanation  of   the   de- 
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flagration,  I  must  refer  to  the  process  under  the 
article  Acid.  Stibictjm.  The  mass,  which  con- 
sists of  antimoniate  and  nitrite  of  potash,  on  be- 
ing treated  with  water  is  separated,  the  nitrite  of 
potash  dissolyes,  and  the  antimoniate  of  potash  de- 
composes into  an  acid  salt,  which  precipitates,  and 
free  potash,  which,  dissolving  again,  takes  up  a 
portion  of  the  acid  salt : — 

2  at.  KO  +  SbjOg,  form 

1  at.  KO  +  2Sb206,  and  1  at.  KO. 

Por  this  reason  a  portion  of  the  antimoniate  of 
potash  is  lost  on  washing,  and  if  boiling  water  is 
used  the  loss  is  still  more  considerable. 

By  using  sulphuret  of  antimony  instead  of  the 
pure  metal,  the  sulphur  becomes  oxidized  to  sul- 
phuric acid,  so  that  in  this  case  the  deflagrated 
mass  contains,  besides  antimoniate  and  nitrite,  also 
sulphate  of  potash : — 

1  at.  SbaSg,  and  5  at.  KO  +  NOg,  form 
1  at.  KO  +  SbgOg,  3  at.  KO  +  SO3, 
1  at.  KO  +  NO3,  and  4  at.  NOj. 

2212  Parts  of  sulphuret  of  antimony  require  6325 
parts  of  nitre  ;  or,  3  parts  of  the  latter  to  1  of  the 
former.  The  addition  of  charcoal  is  imnecessary, 
as  the  sulphuret  of  antimony  alone  gives  with  the 
nitre  a  lively  deflagration. 

Water  has  a  similar  action  in  this  case :  it  ab- 
stracts the  sulphate,  nitrite,  free  potash,  and  a 
little  antimoniate  of  potash  from  the  mass,  leaving 
the  acid  antimoniate  of  potash  behind. 

Properties, — Acid  antimoniate  of  potash  is  a 
white,  odourless,  and  tasteless  powder.  To  de- 
termine the  potash  it  contains,  digest  with  dilute 
nitric  acid,  fQter,  evaporate  to  dryness,  and  weigh 
the  nitre  formed.  Prepared  with  sulphuret  of  an- 
timony it  generally  has  a  yellow  colour,  arising  from 
oxide  of  iron  or  lead;  these  bases,  as  well  as  oxide 
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of  antimony,  may  be  detected  by  the  pxoceMi  gitei 
imder  the  article  Acw.  Stibicux. 


KALIUM  OXIDATUM  STIBICUM 
NEUTRALE. 

PoUusa  Antimoniaa  NeutraUt, — Neutral  AnHmomaU 

of  Potash. 

Formula:  KO  +  SbjOg  +  7HO. 

Preparation, — 4  Farts  of  metallic  antimony,  lO 
parts  of  nitrate  of  potash,  and  |  part  of  ehareoal 
are  deflagrated  by  the  process  just  given  ;  the  mias 
thus  obtained  is  rubbed  up  with  ten  times  its 
weight  of  cold  water,  the  turbid  liquid  allowed  to 
subside  in  a  glass  cylinder,  and  tiie  supernatant 
liquid  poured  off  as  thoroughly  as  possible;  Ihe 
residue  is  now  placed  in  a  narrow-necked  flask, 
sufficient  water  added  to  bring  the  weight  up  to 
twenty  times  that  of  the  deflagrated  mass,  and 
heated  to  boiling.  After  boiling  some  hours,  the 
water  which  has  eyaporated  is  replaced,  and  the 
whole  filtered;  to  the  filtered  solution  sufficient 
caustic  potash  solution  is  added  to  give  it  a  strong 
alkaline  reaction,  and  then  evaporated  so  far  that 
the  residue  weighs  scarcely  as  much  again  as  the 
deflagrated  mass.  After  standing  some  days,  this- 
residual  liquid  becomes  entirely  or  partially  con- 
verted, in  the  cold,  into  a  transparent,  soft,  resinous 
like  substance ;  any  supernatant  liquid  is  decanted, 
the  mass  itself  mixed  with  three  times  its  volume 
of  cold  water,  and  agitated  until  it  is  converted  into 
a  granular  powder,  then  thrown  on  a  filter  and 
dried.  The  liquid  which  separates  from  this  is 
evaporated,  the  residue  treated  with  cold  water,  and 
obtained  as  a  fine  granidar  powder.  The  liquid  re- 
maining gives,  on  evaporation  and  treatment  with 
cold  water,  still  more  of  the  granular  salt ;    of 
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which  altogether  the  yield  will  be  half  the  weight 
of  the  regulus  of  antimouy  used. 

Recapitulation, — As  regards  the  deflagration,  I 
must  refer  to  the  article  Acidum  Stibicum.  By  the 
first  washing  with  water,  the  nitrite  of  potash, 
which  in  a  further  stage  of  the  process  would  exert 
an  injurious  influence,  is  mostly  removed,  whilst 
the  residue  (antimoniate  of  potash)  is  only  partially 
converted  into  the  acid  salt  (vide  the  previous  ar- 
ticle). By  continuous  boiling  with  water  the  neu- 
tral antimoniate  of  potash  is  abstracted,  and  the 
antimonic  acid,  formed  by  the  separation  of  the 
neutral  from  the  acid  salt,  remains  undissolved.  To 
this  antimonic  acid  traces  of  potash  always  adhere, 
as  well  as  the  impiirities  of  the  antimony,  iron,  cop- 
per, lead,  &c.,  as  antimoniates  of  the  oxides  of  these 
metals.  The  filtered  solution  might  be  at  once 
evaporated,  without  the  addition  of  potash,  in  order 
to  obtain  the  granular  antimoniate  of  potash,  but 
this  salt  on  crystallizing  fixes  itself  so  firmly  to  the 
sides  of  the  dish,  that  it  can  only  be  partially  re- 
moved. It  is  therefore  most  adveoitageous  to  make 
the  solution  strongly  alkaline,  previous  to  evapo- 
rating, by  which  the  crystallization  of  the  granular 
salt  is  prevented,  and  the  gummy  salt=KO  +  SbgOg 
+  5H0  (the  above  mentioned  soft  resinous  mass) 
formed.  On  treating  this  gummy  salt  with  cold 
water,  it  is  mostly  converted,  by  taking  up  2  at.  of 
water,  into  the  difficultly  soluble  granular  salt, 
whilst  a  small  portion  together  with  the  free  potash 
remain  in  solution.  By  evaporating  this  solution 
and  treating  with  cold  water  a  further  portion  of 
the  gTEoiular  salt  is  obtained. 

Properties. — ^The  granular  antimoniate  of  potash 
is  a  snow-white,  fine  tasteless  powder.  On  heat- 
ing it  loses  its  water  without  undergoing  a  fur- 
ther visible  change.  In  water  it  is  but  difficultly 
soluble,  requiring  250  of  cold  and  90  parts  of  boil- 
ing water  for  its  solution ;  these  solutions  have  a 
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neutral  reaction.  In  spite  of  it$  difficult  solabOity, 
this  salt  is  very  valuable  as  a  test  for  aoda,  £nr  tiM 
eold  saturated  aqueous  solution  (made  hj  digesting 
2  grains  of  salt  with,  an  ounce  of  water  and  fllteriag) 
gives  in  solutions  of  soda  salts,  if  not  too  dilvte,  it 
once,  or  after  a  short  time,  a  fine  granular  prc^n* 
tate  of  antimoniate  of  soda->NaO-i-SbsOa-l-7H0. 
Consequently  it  follows  that  the  <m»i»Tnftfiiatr  of 
soda  is  still  less  soluble,  and  I  have  found  that  to 
entirely  dissolve  one  part  of  this  salt^  1200  parti  of 
cold,  or  360  parts  of  boiling  water  are  reqninte. 

To  avoid  error  in  employing  the  antimoniate  of 
potash  as  a  soda  test,  sundry  precautions  are  neoe^ 
sary.  In  the  first  place,  the  Uquid  must  contain  no 
other  than  an  alkaline  base,  as  the  alkaline  earthi 
and  most  metallic  oxides  give  precipitates  with  this 
reagent.  Secondly,  the  liquid  must  have  a  nenfral 
reaction  or  at  least  possess  no  perceptible  quantity 
of  free  potash ;  carbonate  of  potash  preyents  tho 
reaction  with  soda,  partially  or  entirely,  by  con- 
verting the  granular  into  the  gummy  antmioniate  of 
potash,  which  does  not  precipitate  soda  salts.  The 
gummy  salt  on  the  other  hand  precipitates  the  am- 
monia salts  in  fine  flakes,  whilst  the  granular  salt 
does  not  affect  them.  An  acid  reaction  is  equally 
injurious  as  it  precipitates  from  the  solution  hy- 
drated  antimonic  acid  or  binantimoniate  of  potaui. 

As  a  reagent  for  soda,  the  alkaline  solution,  pxe« 
pared  by  boiling  the  deflagrated  mass  with  20  parti 
of  water  and  filtering  when  quite  cold,  may  be  iised ; 
but  in  this  case  the  precaution  must  be  taken  that 
the  solution  to  be  tested  contains  no  ammoniacal 
salts,  as  the  antimonial  solution  contains  both  the 
granidar  and  g^ummy  salt,  the  latter  of  which  gives 
a  precipitate  with  ammonia. 
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KALIUM  OXEDATUM  SULPHURICUM. 

Tartarus  VUriolatua, — Arcanum  Duplieatttm. — Scd 
Polychreatu8,-'-^Pota88€B  Sidphas, — Sal  Polychrest, 
— Sulphate  of  Pota&h. 

Formula:  KO  +  SO3. 

Preparation, — ^This  Bait  is  seldom  prepared  di- 
rectly from  its  constituents,  but  is  obtained  as  a 
residuary  product  in  many  preparations ;  either  the 
neutral  salt,  as  in  the  purification  of  potash,  or  an 
acid  salt,  as  in  making  nitric  acid  from  saltpetre. 
In  the  first  of  these  cases,  only  recrystallization  is 
necessary  ;  in  the  second,  it  may  also  be  again  crys- 
tallized (from  a  solution  of  bisulphate  of  potash  a 
neutral  salt  crystallizes  first,  vide  the  following  ar- 
ticle), and  then  the  mother  liquor  neutralized.  It 
is,  however,  better  to  convert  the  whole  of  the  acid 
into  a  neutral  salt,  by  dissolving  it  in  a  leaden 
vessel  with  six  times  its  weight  of  water  and  then 
gradually  adding  potashes  to  the  solution  until  it 
acquires  a  feeble  alkaline  reaction ;  it  is  then  heated 
to  boQing,  and  when  all  the  salt  which  separated 
during  the  saturation,  has  disappeared,  filtered, 
whilst  hot,  and  set  in  a  cool  place.  After  some 
days  the  crystals  are  separated  from  the  mother 
liquor,  the  latter  evaporated,  and  this  repeated  so 
long  as  crystals  form.  The  crystals  are  tiien  dried 
with  a  gentle  heat.  The  last  portion  which  crys- 
tallizes must  be  tested  to  see  whether  it  contains 
any  chloride  of  potassium,  (from  the  potashes,)  this 
may  be  partially  detected  by  the  form  of  these 
crystals,  (cubes,)  and  with  certainty  on  testing  the 
very  dilute  solution  with  nitrate  of  silver ;  if  this 
causes  a  white  curdy  precipitate,  chloride  of  potas- 
sium is  present,  and  the  portion  is  set  aside  from 
the  other. 

If  neither  the  common,  neutral,  nor  acid  sulphate 
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of  potash  is  at  hand,  1  part  of  concentrated  snl- 
phuric  acid  is  diluted  with  9  parts  of  water  iii't 
leaden  vessel,  and  common  potashes  added^  to  n 
alkaline  reaction,  then  heated  to  boiling,  -  filtered, 
and  evaporated  in  the  preceding  manner. — 1  Fut 
of  concentrated  acid  requires,  according  to  die 
purity  of  the  potashes,  1^  to  2  parts ;  the  product 
will  be  2  to  2^  parts. 

Recapitulation, — ^In  order  to  conyert  the  acid  sul- 
phate of  potash=  (KO  +  SO3)  +  (HO  +  SO,)  into  the 
neutral  salt,  1  at.  of  potashes  is  necessary ;  the  car- 
bonic acid  of  the  latter  is  given  off  with  eflfer- 
vescence.  As  the  common  potash  contains  admix- 
tures which  also  form  soluble  salts  with  sulphime 
acid,  for  instance  iron,  magnesia,  &c.,  the  8<^utkm 
must  be  made  slightly  alkaline,  to  precipitate  those 
which  may  have  become  dissolved.  Leaden  vessels 
are  preferable  to  all  others,  either  for  saturating  the 
acid  or  the  acid  salt. 

Properties, — Neutral  sidphate  of  potash  crystal- 
lizes in  permanent,  right  rhombic,  four  or  six-sided 
prisms  and  pyramids,  it  is  odourless,  vrith  a  saline 
slightly  bitter  and  somewhat  pungent  taste.  Cold 
water  dissolves  |\i,  boiling  water  \  its  weight  of  the 
salt ;  the  solution  has  a  neutral  reaction.  The  pro- 
bable impurities  are  ;  lime  known  by  the  turbidity 
which  oxalate  of  ammonia  causes ;  alumina  by  the 
white  flocculent  precipitate  with  ammonia,  insoluble 
in  excess  but  soluble  in  caustic  potash  ;  if  soluble 
in  caustic  ammonia  it  is  oxide  of  zinc,  whilst  if  un- 
affected by  either  but  dissolved  by  chloride  of  am- 
monium, it  is  magnesia.  Should  ammonia  cause  a 
blue  colour  in  a  solution  of  sulphate  of  potash,  eqp- 
per  is  present,  and  the  solution  after  the  addition  of 
a  few  drops  of  hydrochloric  acid,  will  give  a  black* 
ish-brown  precipitate  with  sulphuretted  hydrogen. 
If  ammonia  causes  a  yellowish  or  brownish  precipi- 
tate, it  denotes  iron.  Hydrochloric  acid  is  detected 
by  nitrate  of  silver  in  the  diluted  solution.     It  is 
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possible  that  the  salt  may  contain  arsenic,  especially 
if  the  sulphuric  acid  was  thus  contaminated,  and 
the  salt  had  not  been  re-crystallized.  Sulphuretted 
hydrogen  will  cause  a  precipitate  of  sulphuret  of 
arsenic ;  if  a  darker  precipitate  forms,  it  must  be 
exhausted  with  caustic  ammonia,  and  the  ammonia- 
cal  solution  again  evaporated  ;  if  there  now  occurs  a 
yellow  precipitate  which,  intimately  mixed  with 
neutral  oxalate  of  potash,  gives  when  heated  in  a 
narrow  test  tube  a  metallic  deposit,  the  presence  of 
arsenic  is  unquestionable.  {Vide  Aoidum  Mubjati- 
cuM,  p.  77.) 


KALIUM  OXIDATUM   SULPHURICUM 

ACIDUM. 

PotasscB  BisulpTios, — Acid  or  Bi- Sulphate  of  Potash, — 

Sal  Enixum, 

Formula:  (K0  +  S03)  +  (H0  +  S03). 

Preparation. — ^This  salt  is  generally  obtained  as  a 
secondary  product ;  as,  in  making  nitric  acid  from 
saltpetre  with  2  at.  of  sulphuric  acid.  In  order  to 
remove  the  last  traces  of  nitric  acid,  the  residual 
saline  mass  in  the  retort  must  be  heated  to  fusion, 
and  retained  so,  as  long  as  yellow-brownish  vapours 
are  given  off,  and,  in  order  to  avoid  breaking  the 
retort,  is  then  poured  into  a  well- warmed  porcelain 
dish.  On  coolmg,  the  salt  is  powdered  and  kept  in 
glass  bottles. 

Failing  a  nitric  acid  residue,  10  parts  of  neutral 
sulphate  of  potash  are  dissolved  in  a  leaden  or  porce- 
lain vessel  with  40  parts  of  water  and  6  parts  of 
concentrated  sulphiiric  acid  added  to  the  solution  ; 
then  evaporated  to  dryness,  during  the  latter  part  of 
the  time  in  a  porcelain  dish,  with  constant  stirring  ; 
a  porcelain  spatula  should  be  used. 

To  obtain  the  salt  in  crystals,  it  must  not  be  over- 
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looked  that  at  first  neutral  sulphate  of  potaal 
separates,  the  bi-salt  only  forming  when  fhe  aolntia 
contains  considerably  more  than  2  at.  of  add.  £ 
order  to  conyert  the  whole  into  crystals  of  hi-satt 
2  at.  extra  of  sulphuric  add  must  pireTiooaly  h 
added  to  the  solution. 

BecapituUUion, — The  fonnation  of  bisDlphate  od 
potash  by  the  distillation  of  nitric  add  from  salt- 
petre, has  already  been  explained  xuider  the  artick 
AciDXTM  NiTRicuM.  If  &e  salt  is  prepared  b] 
direct  combination  of  the  neutral  sulphate  of  potaal 
with  sulphuric  acid,  equal  atoms  of  each  are  re- 
quired, or  to  1090  parts  of  the  former  613  parts  ol 
hydrated  sulphuric  acid,  although  if  commercLa] 
acid  is  employed  more  will  be  necessary,  it  sddofli 
consisting  of  the  simple  hydrate.  That  the  first 
crystals  formed  consist  of  the  neutral  salt,  is  parti] 
due  to  its  slight  solubility,  and  partly  to  the  slighl 
force  with  which  the  second  atom  of  acid  is  com- 
bined with  the  neutral  salt.  It  is  only  by  a  large 
excess  of  acid  that  this  is  overcome. 

Properties, — ^The  bisulphate  of  potash  fiocms  a 
white  crystalline  powder,  or  oblique  rhombic  tabulai 
crystals,  of  a  yery  acid  taste  ;  it  is  odourless,  and 
permanent  in  the  air.  Heated  it  ftises  losing  at  a 
red  heat  half  its  acid,  and  neutral  sulphate  of  potasifa 
remaining.  It  dissolves  in  2  parts  of  cold  and  \  a 
part  of  boiling  water.  Alcohol  abstracts  the  second 
atom  of  acid,  leaving  the  neutral  salt.  Tests  fat 
impurities  are  the  same  as  imder  the  preceding 
preparation. 

KALIUM  OXIDATUM  SUPEECHLORICUM. 
Pataesm  Perchloras, — Perehlorate  af  Pot€uk» 

Fokmula:  KO  +  CIO7. 

Preparation, — Into  a  glass  flask,  capable  of  hold* 
ing  30  parts  of  water,  are  put  5  parts  of  dilorate  ol 
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potash ;  the  flask  is  placed  with  a  thin  layer  of  sand 
in  an  iron  capsule,  the  latter  fitted  into  a  ring 
furnace  and  heated.  As  soon  as  the  salt  has  liqui- 
fied, the  flask  is  removed  from  the  capsule,  placed  in 
the  ring,  which  must  be  lower  than  the  surface  of 
the  liquid,  and  exposed  to  a  bright  red  fire,  until 
the  mass  which  at  first  boils  quietly,  begins  to 
thicken  and  froth  up.  This  occurs  according  to  the 
strength  of  the  fire,  after  fusing  from  half-an-hour 
to  an  hour.  The  fiask  is  then  removed  from  the 
fire,  and  when  cool,  the  frothy  mass,  wluch  will 
weigh  4^  parts,  is  boiled  with  22  parts^of  water,  and 
as  soon  as  the  whole  is  dissolved,  placed  in  a  cool 
spot.  The  salt  which  separates  after  1  or  2  days, 
is  collected  in  a  funnel  loosely  closed  with  a  glasa 
stopper,  washed  with  a  little  cold  water,  again  dis- 
solved in  14  parts  of  boiling  water,  tiie  solution 
allowed  to  remain  a  few  days  in  the  cold,  the  crystals 
collected  again  on  a  filter  and  washed  with  cold 
water  imtil  the  liquid  which  escapes  gives  no  turbid- 
ness  with  nitrate  of  silver ;  they  are  Sien  dried  with 
a  gentle  heat.  The  product  on  the  average  is  half 
the  weight  of  the  chlorate  of  potash  used. 

BecapiitUatian, — ^When  chlorate  of  potash  »K0  + 
CIO5,  is  heated  to  fusion,  it  is  decomposed  witli 
evolution  of  oxygen ;  the  quantity  of  oxygen  at  first 
evolved  is  very  trifling,  for  as  it  is  given  off  from 
one  portion,  it  is  absorbed  by  the  remainder,  which 
becomes  converted  into  perchlorate  of  potash.  K 
by  the  decomposition  of  a  certain  portion  of  the 
chlorate  of  potash,  all  its  oxygen  entered  into  com- 
bination with  the  other  portion,  the  product  must 
be  more  than  }  the  weight  of  chlorate,  for 

4  at.  KO  +  CIO5,  form 

3  at.  KO  +  CIO7,  and  1  at.  KCL 

But,  under  the  most  favourable  circumstances,  only 
half  the  chlorate  is  obtained  as  superchlorate,  the 
remainder  of  the  oxygen  being  lost : — 
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2  at.  KO  +  ClOft,  form 

1  at.  EO  +  CIO7,  1  at.  KCly  and  4  atC 

3066  Parts  of  clilorate  of  potash  form,  on  an  ayerag 
1733  parts  of  perchlorate  of  potash,  and  400  parts  < 
free  oxygen.  This  loss  of  oxygen  may  arise  fra 
two  causes,  either  the  oxygen  IseTolved  at  first  moi 
rapidly  than  the  remaining  portion  can  absorb  it,  c 
else  the  perchlorate  formed  again  becomes  decom 
posed  into  oxygen  and  chloride  of  potassium.  Th 
latter  reason  is  the  more  probable,  for  I  have  trnm 
that  the  more  slowly  the  heating  is  continued,  (tha 
is  the  longer  time  required  to  reach  the  thinVoTiini 
point,)  the  smaller  the  yield ;  consequently  the  fir 
must  be  a  brisk  one.  There  is  but  slight  reason  ti 
fear  the  breakage  of  the  flask,  if  it  is  retained  in  tin 
iron  capsule  until  the  salt  is  entirely  fused,  (from 
the  unequal  heat  at  the  commencement  of  the  fiisiai 
it  would  often  become  fractured  oyer  a  naked  flre,^ 
and  the  ring  on  which  it  is  placed  must  be  lowei 
than  the  surface  of  the  fluid,  otherwise  that  part  oi 
the  glass  with  which  it  is  in  contact,  becoming  mucl 
hotter  than  the  remainder,  is  cracked  as  soon  as  an) 
of  the  contents  is  spurted  on  it.  The  fusion  is  con- 
tinued untU  all  the  chlorate  of  potash  is  decomposed, 
which  is  readily  known  by  quicker  boiling,  frothing 
up  and  thickening  of  the  mass,  which  suddenly  occur. 
llie  reason  of  this  thickening  is,  that  chlorate  oi 
potash  fuses  more  readily  than  perchlorate  of  potash 
and  chloride  of  potassium,  or  a  mixture  of  the  two. 
K  the  heating  is  continued  longer,  the  perchlorate  of 
potash  begins  to  part  with  its  oxygen,  becoming 
converted  into  chloride  of  potassium.  By  dissolying 
the  mass  in  water,  and  allowing  it  to  cool,  the  chloride 
of  potassium  remains  in  the  mother  liquor,  but  to 
remove  it  entirely  another  crystallization  and  treat- 
ment with  cold  water  is  necessary.  Of  course  during 
the  purification  a  small  portion  of  the  perchlorate  is 
lost  in  the  mother  liquor,  and  consequently  the  pro- 
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duct  is  seldom  more  than  half  the  weight  of  chlorate 
of  potash  used. 

ProperHes, — Perchlorate  of  potash,  crystallizes  is 
small  white  glittering  grains  of  a  f:Hrm  not  exactly 
determined,  is  odourless,  and  possesses  a  mild 
scarcely  saline  taste,  becoming  sweetish  like  sugar 
of  miUu  At  a  red  heat  it  fuses,  gives  off  its 
oxygen,  and  chloride  of  potassium  remains.  It 
dissolyes  in  60  parts  of  water  at  the  ordinary  tem- 
perature^ and  in  4^  of  boiling  water ;  the  solution 
has  a  neutral  reaction.  It  is  insoluble  in  alcohol. 
Adhering  chloride  of  poiaasUim  is  known  by  the 
precipitate  its  solution  gives  with  nitrate  of  silyor^ 
Chlorate  of  poUuh  is  detected  by  supersaturating 
with  dilute  nitric  acid,  when  tiie  salt  becomes 
yellow,  emitting  an  odour  of  chlorine  and  decolour- 
ing litmus  paper.  The  perchlorate  of  potash  is 
unaffected  by  dilute  nitric  acid ;  whilst  the  chlorate 
becomes  converted,  with  evolution  of  water  and 
chlorine,  into  chloride  of  potassium : — 

1  at.  £0  +  CIO5  and  6  at.  HCl,  form 
1  at.  KCl,  6  at.  HO  and  6  at.  CI. 


KAUUM   OXIDATUM   TARTARICUM 

ACLDUM. 

Tartarus  Depuratua. — Cremor  Tartari, — PotassiB  Bi' 
tartras. — Bitartrate  of  Potash, — Cream  of  Tartar, 

Formula:  (KO  +  f)  +  (HO  +  T). 

Preparation, — 10  Parts  of  commercially  pure 
tartar  are  finely  powdered,  put  into  a  glass  flask 
with  10  parts  of  pure  water,  and  1  part  of  pure 
hydrochloric  acid,  spec.  grav.  1*130,  digested  several 
hours  in  a  sandbath  and  allowed  to  cool.  After 
standing  24  hours,  the  crystalline  magma  is  thrown 
into  a  funnel,  the  bottom  of  which  is  loosely  closed 

Q  Q  2 
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with  a  glass  stopper,  washed  with  pure  water  ai 
long  as  it  passes  off  acid,  or  until  nitrate  of  silfer 
solution  causes  no  turbidity,  and  dried  with  a 
gentle  heat.  The  loss  will  be  about  }  the  weight  of 
the  cream  of  tartar  employed. 

Recapitulation. — The  cream  of  tartar  of  oommeroe 
is  always  contaminated  with  tartrate  of  lime,  Tarj- 
ing  from  10  per  ct.  and  upwards;  frequenUy 
also  with  copper,  which  gives  it  a  green  tint.  Tho 
lime  comes  from  the  common  tartar,  the  copper 
from  the  vessels  in  which  it  was  purified.  Both  of 
these,  as  well  as  iron  if  present,  may,  without  any 
great  loss  of  material,  be  separated  by  means  of 
very  dilute  hydrochloric  acid.  To  effect  this  pro- 
perly, the  cream  of  tartar  must  be  very  finely  pow- 
dered and  digested  at  a  gentle  heat,  with  the 
prescribed  quantity  of  water  and  hydrochloric  acid« 
The  manipiilation  requires  no  explanation. 

Properties, — ^Purified  cream  of  tartar  forms  a  snow- 
white  crystalline  powder,  (the  commercial  generally 
occurs  in  aggregated  masses  of  rhombic  prisms,)  \b 
odourless  and  of  a  feeble  acid  taste.  Its  behaviour 
when  heated  has  already  been  treated  of  under  the 
article  "  Kali.  Cakbon."  200  Parts  of  water  of  the 
ordinary  temperature  are  required  for  its  solution, 
whilst  only  16  parts  of  boiling  water  are  necessary ; 
the  solution  has  an  acid  reaction.  Alcohol  of  80 
per  ct.  will  not  dissolve  it.  Its  impurities,  as 
already  stated,  consist  chiefly  of  tartrate  of  lime 
and  copper.  lAme  is  detected  by  agitating  the 
cream  of  tartar  with  caustic  ammonia,  filtering,  if 
all  does  not  dissolve,  and  determining  whether 
oxalate  of  ammonia  causes  a  white  precipitate.  By 
saturating  with  ammonia  the  bitartrate  of  potash  is 
neutralized,  and  with  the  tartrate  of  lime  easily  and 
completely  dissolved.  If  the  quantity  of  tartrate  of 
lime  is  very  considerable,  a  portion  of  it  will  re- 
main undissolved;  it  will,  however,  in  this  case 
contain  sufficient  to  give  the  reaction  with  oxalate 
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of  ammonia.    If  when  neutralized  with  ammonia, 
hydrosulphuret  of  ammonia  causes  a  black  preci- 
pitate, metals  are  present.     The  chocolate  colour 
caused  by  ferrocyanide  of  potassium  in  the  aqueous 
solution  shows  the  presence  of  copper  (vide  Acid 
AcET.) ;  iron  by  the  red  colour  with  sulphocyanide 
of  potassiimi  (vide  Bism.  Nitr.)  ;  or,  by  the  bluish 
black  precipitate   caused  by  tannin  in  the  solution 
neutralized  with  ammonia ;   sulphuric  acid  by  the 
precipitate  with    nitrate   of   baryta,    insoluble    in 
dilute  nitric  acid ;  hydrochloric  acid  by  the  preci- 
pitate with  nitrate  of  silver,  also  insoluble  in  dilute 
nitric  acid.    In  the  two  latter  cases  if  the  reagent 
causes  a  pf  ecipitate,  a  mineral  acid  must  be  added 
to  try  whether  it  is  only  a  tartrate  of  silver  or 
baryta,  in  which  case  the  precipitate  will  disappear. 
Alumina  is  also  frequently  present,  and  arises  from 
the  addition,  in  process  of  manufacture  from  the 
Common  tartar,  of  a  little  clay,  in  order  to  throw 
down  the  colouring  matter.    The  alumina  cannot 
be  thrown  down  by  ammonia,  as  its  precipitation  is 
prevented  by  the  tartaric  acid ;   but  in   order  to 
detect  it  the  cream  of  tartar  must  be  carbonized ; 
boiled  with  excess  of  dilute  sulphiiric  acid;    fil- 
tered, and  then  supersaturated  with  ammonia.     If 
alumina  be  present  a  white  flocculent  precipitate  of 
basic  sulphate  of   alumina=Al203  +  S03    follows, 
which,  washed,   dried,  and  heated  with  solution  of 
cobalt  on  charcoal,   acquires   a  blue   colour.      In 
many,   possibly  in  all  kinds   of  tartar,   a  certain 
portion  of  tartaric  is  replaced  by  racemic  acid :  to 
determine  this,  a  smaU  portion  is  neutralized  with 
pure  carbonate  of  potash,  taking  care  not  to  use  an 
excess,  a  few  ounces  of  lime  water  are  added,  and 
then  a  considerable  queoitity  of  sal  ammoniac ;  if 
the  precipitate  caused  by  the  lime  water  does  not 
entirely  (Ussolve  in  the  sal  ammoniac,  racemic  acid 
is  present.     Sal  ammoniac  dissolves  the  tartrate  but 
not  the  racemate  of  lime.     As  racemic  acid  resem- 
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bles  tartaric  acid  in  its  chemical  oon8titutio&  and 
many  other  respects,  is  almost  always  present  in  ife| 
and  removed  only  with  considerable  trouble,  its 
presence  in  cream  of  tartar,  as  bi-raoemate  9t 
potash,  can  scarely  be  looked  iip<»i  as  a  falaift- 
cation. 


KALIUM  OXIDATUM  TARTARICUM 
NEUTRALE. 

Kali  Tartaricum, — Tartarus   Tartariaattts, — JPotasM 
Tarttas, — Tartrate  of  Potash, 

Formula:  KO  +  T. 

Preparation. — 40  Farts  of  water  are  boiled  in  a 
lead  or  well-tinned  copper  yessel,  4  parts  of  car- 
bonate of  potash  added,  and  then,  constantly  stir- 
ring, finely-powdered  purified  cream  of  tartar,  by 
spoonfuls  at  a  time,  as  long  as  it  causes  an  effer- 
vescence, and  until  turmeric  paper  is  no  longer 
changed  brown  by  it.  From  11  to  12  parts  dT 
cream  of  tartar  will  be  sufficient.  If  too  much  has 
been  added  (which  is  the  case  if  the  solution  reddens 
litmus  paper),  it  must  be  again  neutralized  by 
carbonate  of  potash.  The  solution  exactly  neutral- 
ized is  diluted  with  30  parts  of  water,  poured  into 
an  earthen  dish  and  allowed  to  stand  at  least  3  days 
in  a  cool  place,  then  filtered  ;  or  (if,  as  is  frequently 
the  case,  it  filters  with  difficulty  and  imperfectly), 
poured  carefully  from  the  sediment,  the  white  of  1 
or  2  eggs  beaten  up  added  to  it,  and  boiled  in  a 
clean  iron  vessel,  either  at  once  to  dryness,  with 
constant  stirring  and  great  caution  towards  the 
end,  or  else  until  it  acquires  a  crumbling  consist- 
ence, when  it  is  spread  out  on  paper,  dried  with  a 
gentle  heat,  powdered  whilst  still  warm,  and  kept 
in  well-closed  vessels.    The  yield  is  as  much  or 
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rather  more   than  the  weight  of  cream  of  tartar 
employed. 

A  portion  of  the  Bait  thus  prepared  is  dissolved 
in  pure  water,  and  shoidd  it  yield  a  very  turbid 
solution,  the  whole  is  to  be  dissolved  in  twice  its 
weight  of  water,  filtered  and  evaporated. 

Recapitulation, — In  order  to  convert  bitartrate  of 
potash  (cream  of  tartar)  into  the  neutral  salt,  1  at. 
of  potash  must  be  combined  with  it ;  if  carbonate  of 
potash  is  used  its  acid  is  given  off : — 

1  at.  (KO  +T)  +  (HO  +  T)  and  1  at.  KO  +  COg,  form 
2  at.  KO  +  T,  1  at.  HO  and  1  at.  COg. 

2362  Parts  of  cream  of  tartar  require  865  parts  of 
carbonate  of  potash,  but  as  the  cream  of  tartar  of 
commerce  always  contains  some  tartrate  of  lime,  the 
proportion  of  cream  of  tartar  must  either  be  in- 
creased, or  the  carbonate  of  potash  diminished,  in 
order  to  obtain  a  neutral  salt.  The  cream  of  tartar 
must  be  added  in  small  portions  on  account  of  the 
effervescence  caused  by  the  evolution  of  the  car- 
bonic acid  ;  at  first  but  little  carbonic  acid  is  given 
off,  that  liberated  from  one  portion  of  carbonate 
combining  with  another  to  form  bicarbonate,  which 
in  its  turn  becomes  decomposed.  The  tartrate  of 
lime  in  the  cream  of  tartar  partially  separates 
during  the  saturation,  but  a  considerable  portion 
will  be  held  in  solution  by  the  neutral  s^t,  and 
may  be  nearly  got  rid  of  by  diluting  considerably 
with  water  after  the  saturation,  and  exposing  the 
solution  for  several  days  to  the  cold.  The  lime  will 
in  this  way  be  removed  sufficiently  for  medicinal 
purposes,  but  not  entirely.  In  order  to  obtain  it 
chemically  pure,  the  cream  of  tartar  purified  by 
hydrochloric  acid  must  be  used.  The  continued 
stirring  during  the  neutralization  is  partly  to  assist 
the  evolution  of  the  carbonic  acid,  and  also  to 
prevent  the  lime,  when  precipitated,  from  adhering 
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to  the  bottom  of  the  pen,  and,  if  tiie  latter  be«l 
lead  or  tin,  causing  its  fusion ;  if  a  pure  tm.  piA  ii 
employed  the  slightest   relaxation   in  stiznng  is 
dangerous,  and  if  a  leaden  vessel  is  not  to  be  had  a 
copper  one  well  tinned  is  to  be  preferred.     GqMpei 
is  acted  on,  as  also  is  iron  (as  the  neutralised  Mo- 
tion has  no  action  on  ir(»i,  a  dean  iron  pan  ia  tiie 
most  conyenient  for  its  evaporation)  ;  tin  doea  not 
hold  itself  quite  indifiierent,  as  after  the  operatian 
the  pan  will  be  found  of  a  gray  or  black  eokna 
where  it  was  in  contact  with  &e  solution,  and  sus- 
pended in  the  liquid  a  fine  black  powder  in  whieh 
tartaric  acid  and  protoxide  of  tin  may  be  deteetedi 
I  have,  however,  never  discovered  tin  in  a  state  of 
solution  in  the  liquid,  and  consequently  it  cannot  be 
present  if  neither  a  tin  nor  a  tinned  vessel  be 
employed  for  its  evaporation.    A  second  objectioa 
to  the  employment  of  tin  vessels  is  their  ready  fiosi- 
bility.    On  a  small  scale  all  these  objections  axe 
obviated  by  employing  a  water  bath.    In  ^ftlriTMr 
large  quantities  a  clean  iron  yeaseL  will  be  found 
most  convenient  for  evaporating  the  clear  sdlutioii, 
and  this  may  be  effected  either  at  once  to  dryneas, 
or  if  there  be  any  fear  of  it  diarring,  only  to  a  stiff 
pasty  consistence,  finishing  it  with  a  low  heat  on 
sieves.    The  clarification  by  means  of  white  of  egg 
is  due  to  the  property  this  possesses  of  coagulating 
at  a  certain  temperature;   on  attaining  this  the 
whole  of  the  white  of  egg  solidifies,  and,  enveloping 
the  atoms  which  cause  the  turbidi^,  either  precipi^ 
tates  them  or  forms  with  them  a  scum.  If  the  cream 
of  tartar  contain  copper  the  iron  vessel  during  the 
evaporation  of  the  liquid  will  acquire  a  coating  of 
this  metal,  and  in  this  case  the  pan  must  be  wdl 
scoured  with  sand  previous  to  employing  it  for  a 
fresh  quantity.    The  salt  will  then  contain  iron, 
but  generally  the  quantity  is  so  trifling  as  scarcely 
to  afifect  reagents. 
The  tartrate  of  lime  may  be  reserved  for  the  pre- 
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paration  of  tartaric  acid.  K  carbonate  of  potash. 
from,  potashes  is  used,  It  should  be  tolerably  free 
from  sulphates  and  chlorides,  as  these  salts,  owing 
to  the  ready  solubility  of  the  tartrate  of  potash,  are 
difficult  to  separate  from  it  entirely. 

Properties, — ^Neutral  tartrate  of  potash  when 
evaporated  to  dryness  occurs  as  exceedingly  fine 
cryrtalB.  ^.hichXen  rubbed  up.  form  a  ^ectly 
white  powder  ;  it  is  odourless  and  of  a  slightly  bit- 
ter salme  taste.  Exposed  to  the  air  it  gradually  ac- 
quires moisture  and  deliquesces,  but  the  tendency 
to  this  is  so  slight  that  after  keeping  it  a  year  in 
imperfectly  closed  yessels  it  has  only  appeared  as  a 
damp  powder.  Heated,  it  fuses,  becomes  black, 
gives  off  acid  vapours  and  yields,  like  cream  of  tar- 
tar, a  residue  of  carbonate  of  potash  and  charcoal. 
Cold  water  dissolves  its  weight,  boiling  water  twice 
its  weight  of  this  salt ;  the  solution  has  a  neutral 
reaction,  and  yields  when  slowly  evaporated  con- 
siderable sized  rhombic  crystals  which  are  anhy- 
drous. In  alcohol  it  is  almost  entirely  insoluble. 
If  it  does  not  give  a  perfectly  clear  solution  with 
water,  tartrate  of  lime  is  to  be  suspected ;  the  filtered 
liquid  which  will  still  retain  a  portion  of  the  lime, 
gives  in  this  case  a  precipitate  with  oxalate  of  am- 
monia ;  if  when  filtered  from  this,  a  fresh  precipi- 
tate is  caused  by  phosphate  of  ammonia,  magnesia 
also  is  present  (vide  Ammon.  Chlokat.).  If  the 
residue,  after  dissolving  the  salt  in  water,  is  not 
entirely  soluble  in  hydrochloric  acid,  silica  is  pro- 
bably present  (from  the  potash).  Iron,  copper,  alu^ 
tninat  sulphuric  and  hydrochloric  acids  are  to  be 
tested  for,  as  under  the  preceding  article.  The 
solution  of  this,  as  of  most  other  tartrates,  decom- 
poses after  some  time,  forming  carbonate  of  potash 
and  becoming  covered  with  a  mouldiness. 
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KALIUM   OXIDATUM  TARTABICUM 
AMMONIATUM. 

PotasscB  AmmoniO'Tartras, — Tartartts    Ammoniaius, 
— Ammoniacal  Tartar, — Soluble  Tartar, 

Formula:    (K0  +  T)  +  (NH40+T)  +  H0. 

Preparation. — 4  Parts  of  finely  powdered  purified 
cream  of  tartar  are  put  into  a  glass  flask  witib.  about 
ten  parts  of  water,  to  this  are  added  4  parts  of  lAquor 
Ammoniee,  spec.  gray.  '960,  the  flask  closed  witii 
moist  bladder  and  the  contents  allowed  to  digest  for 
several  days  with  frequent  agitation.  After  reznoYing 
the  bladder,  the  fiask  is  heated,  but  not  to  the  boil- 
ing point,  in  a  sand  bath  for  half-an-hour,  the  solution 
filtered,  the  residue  washed  with  a  Uttle  hot  water, 
the  clear  liquor  covered  with  a  plate  of  glass,  and 
set  aside  in  a  cool  spot  to  crystallize.  After  a  day 
or  two  the  crystals  which  form  are  separated  from 
the  mother  liquor,  dried  on  filtering  paper  without 
heat,  and  kept  in  a  closed  vessel.  To  the  mother 
liquor  there  is  added,  if  necessary,  so  much  finely 
powdered  carbonate  of  ammonia  as  shall  give  it 
clearly  an  alkaline  reaction,  it  is  then  evaporated 
to  ha£f  its  volimie  at  a  temperature  lower  than  that 
of  boiling  water,  filtered  if  necessary,  the  filtrate  set 
in  a  cool  place,  and  the  salt  which  crystallizes  dried 
between  paper  ;  the  mother  liquor  is  to  be  treated 
in  the  same  way  as  long  as  crystals  form.  The 
weight  of  the  product  will  equal  that  of  the  cream 
of  tartar  employed. 

If  the  salt  is  not  thoroughly  soluble  in  water,  it 
must  be  treated  like  neutral  tartrate  of  potash  under 
similar  circumstances. 

Becapitulation, — Bitartrate  of  potash  when  treated 
vnth.  ammonia  yields  up  the  half  of  its  acid  to  the 
latter,  and  the  two  newly-formed  salts  combined 
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with  2  at.  of  water  (one  of  which  converts  the  am- 
monia into  oxide  of  ammonium)  form  a  very  soluble 
double  salt : — 

1  at.  (KO  +  T)  +  (HO  +  T),  1  at.  NH3,  and 
1  at.  HO,  form 

1  at.  (K0  +  f)  +  (NH40  +  f)+H0. 

2352  Parts  of  cream  of  tartar  require  2130  of  Liq. 
Ammoniee,  spec.  grav.  0*960  (containing  10  per  ct. 
of  pure  ammonia) ;  but  as  a  little  is  given  oflf  on 
warming,  a  slight  excess  of  the  latter  is  allowed. 
The  neutralization  of  the  cream  of  tartar  takes  place 
without  heat,  but  as  there  is  not  enough  water  to 
dissolve  the  newly-formed  salt,  which  partly  pre- 
cipitates, it  is  warmed.  As  tartrate  of  lime  is  al- 
ways present  a  perfectly  clear  solution  cannot  be 
obtained,  and  hence  the  necessity  for  filtering.  A 
small  portion  of  tartrate  of  lime  remains  dissolved, 
but  again  separates  on  warming  the  solution,  almost 
entirely,  so  that  no  contamination  of  tartrate  of 
lime  need  be  feared  in  the  crystals.  During  the 
evaporation  a  small  portion  of  ammonia  is  evolved, 
consequently  the  mother  liquor  must  be  neutralized 
each  time,  and  to  avoid  diluting  it,  dry  carbonate  of 
ammonia  is  used.  On  account  of  the  readiness 
with  which  the  salt  decomposes  at  a  high  tempera- 
ture, the  solution  mu^t  never  attain  the  boiling 
point,  neither,  for  the  same  reason  must  the  crystals 
be  dried  with  heat. 

The  tartrate  of  lime,  which  forms  a  secondary 
product,  serves  for  the  preparation  of  tartaric  acid. 

Properties. — Ammoniacal  tartar  forms  transparent 
four  and  six-sided  rhombic  prisms,  smelling  faintly 
of  ammonia,  and  having  a  cool  pungent  ammoniacid 
taste.  In  the  air  it  decomposes,  giving  off  water 
and  ammonia.  Heated,  it  fuses,  giving  off  ammo- 
nia, water,  then  empyreumatic  products,  and  leaving 
carbonate  of  potash  and  charcoal  as  a  residue.    It 
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dissolves  in  two  parts  of  cold,  and  less  than  iti 
weight  of  boiling  water.  The  solution  has  a  neiitnl 
reaction.  The  most  likely  impurities  are  tfaoM 
enumerated  under  purified  cream  of  tartar,  yii., 
Copper^  Iron,  Aluminaf  Lime^  Hydrochioric  and 
Sulphuric  acids. 


KALIUM  OXIDATUM  TARTAKICUM 
FERRATUM. 

Ferri  Potatsa  Tartras, — PoUusio  TetrirtUe  qflrtm. 

FOSMUUL  OF  THAT  PBBPA&ED  WITH  OziDB   OP  IbOK: 

4(K0  +  T)  +  (FeO  +  f)  +  SFejOg  +  T. 

FOBMULA  OF  THAT  PBEPABSD  WITH  MeTAIXIO  IbON  : 

(KO  +  f )  +  x(FeO  +  lr)  +  xCFejOj  +  T). 

Preparation, — (a.)  with  Per  Oxide  of  Iron,  16  Farts 
of  protosulphate  of  iron  are  conyerted,  as  di- 
rected under  the  article  Fbbbtjm  Oxidatux  Ht- 
BBATiOTJM  (/.),  into  a  persalt,  and  the  oxide  thrown 
down  with  carbonate  of  potash,  the  precipitate 
carefully  washed  by  decantation,  the  brown  Tnngma 
placed  in  a  porcelain  dish  with  12  parts  of  finely 
powdered  cream  of  tartar,  and  eyaporated,  with 
constant  stirring,  to  the  consistence  of  a  soft  extract. 
On  cooling,  the  extract  is  treated  with  86  parts  of 
water  and  being  well  stirred,  allowed  to  digest  for 
an  hour  at  the  ordinary  temperature,  then  filtered, 
the  residue  washed  with  a  little  water,  and  the  dear 
brownish-yellow  fluid  evaporated  to  dryness,  at  a 
moderate  temperature ;  the  resinous  mass  powdered 
whilst  warm,  and  kept  in  well-dosed  botUes.  The 
yield  will  about  equal  in  weight  the  cream  of  tartar. 

(6)  With  metallic  Iron,  —  6  Parts  of  powdered 
purified  cream  of  tartar,  (or,  as  ordered  in  some  Phar- 
macopoeias, common  tartar),  and  I  part  of  dean  iron 
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filings  are  placed  in  a  glazed  stone  or  porcelain  dish, 
with  sufficient  water  to  give  the  mixture  a  creamy 
consistence ;  a  gentle  heat  is  applied  if  the  weather 
is  cold,  but  not  until  the  end  of  a  week  in  the  sum- 
mer ;  the  mass  is  to  be  frequently  stirred,  and  the 
water  which  evaporates  replaced  as  often  as  the  mass 
becomes  stiff.  The  mixture  gradually  acqidres  a 
darker  colour  and  blackens  on  the  surface ;  the  pro- 
cess is  continued  so  long  as  gray  streaks  appear  on 
stirring,  and  until  the  mass  acquires  a  uniform  black 
colour;  this  is  generally  the  case  in  about  3  or  4 
weeks.  The  mass  is  then  evaporated  to  dryness  at 
a  gentle  heat,  powdered  and  kept  in  well-closed 
bottles.  The  yield  will  be  rather  less  than  the 
cream  of  tartar  and  iron  employed. 

Recapitulation,  (a) — ^The  formation  of  the  oxide  of 
iron  has  been  already  explained  luider  that  article. 
16  Parts  of  protosulphate  of  iron  form  4 J  parts  of 
anhydrous  peroxide  of  iron,  or  2  at.  of  the  first = 
3475  parts,  correspond  to  1  at.  of  the  latter  =1000. 
Cream  of  tartar  being  an  acid  salt,  readily  takes  up 
the  moist  hydrated  oxide  of  iron,  forming  a  brownish- 
yellow  liquid ;  the  iron  in  this  solution  is  partly 
reduced  to  the  state  of  protoxide  during  the  reaction 
by  the  cream  of  tartar.  From  analysis  of  the  com- 
pound it  appears  that  in  every  7  at.  of  peroxide  of 
iron,  1  at.  gives  off  1  at.  or  i  of  its  oxygen,  which 
causes  the  formation  of  2  at.  of  protoxide  of  iron. 
The  liberated  oxygen  is  entirely  given  off ;  at  least  I 
have  been  able  to  discover  the  separation  neither  of 
oxalic,  formic,  nor  carbonic  acids,  which  we  should 
expect  to  resiilt  from  the  oxidation  of  tartaric  acid. 
The  two  atoms  of  protoxide  of  iron  and  the  other 
6  at.  of  peroxide  imite  with  8  at.  of  bitartrate  of 
potash,  to  form  a  double  or  rather  a  triple  salt  con- 
sisting of  neutral  tartrate  of  potash,  neutral  proto- 
tartrate  of  iron,  and  basic  pertartrate  of  iron : — 


^ 
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7  at.  Fe.^03,  form 

6  at.  Fe^Os,  2  at.  FeO,  and  1  at.  O. 

then, 

8  at.  (KO  +  T)  +  (HO  +T),  6 at.  FcgOj,  and 

2  at.  FeO,  form 

2  at.   4  (K0  +  1n  +  (Fe0  +  ^  +  3(FeaO3+f), 
and  8  at.  HO. 

18820  Farts  of  cream  of  tartar,  require  7000  parts  of 
peroxide  of  iron,  or  12  parts  of  the  former  nearly 
4J  of  the  latter.  The  evaporation  to  an  extract  is  to 
insure  the  full  action  of  the  cream  of  tartar  on  the 
peroxide  of  iron,  and  also  to  cause  the  separation  of 
any  tartrate  of  lime,  on  again  treating  with  water ; 
and  owing  to  this  tartrate  of  lime,  &e  product  is 
often  less  than  theory  would  indicate.  By  filtration 
the  trifling  excess  of  peroxide  of  iron  is  also  re- 
moved. 

(b)  "When  cream  of  tartar,  metallic  iron,  and  water 
come  in  contact,  an  action  ensues  even  in  the  cold ; 
the  iron  combining  with  the  oxygen  of  the  water 
forms  protoxide,  the  hydrogen  is  eyolved,  and  causes 
the  frothing  of  the  mass ;  the  protoxide  of  iron  com- 
bines with  one  atom  of  the  acid  from  the  cream  of 
tartar,  to  form  a  white  granular  precipitate,  and  the 
liberated  neutral  tartrate  of  potash  remains  in  solu- 
tion : — 

1  at.  (KO+f)  +  (HO  +  T),  and  1  at.  Fe,  form 
1  at.  KO  +  T,  1  at.  FeO  +  T,  and  1  at.  H. 

2352  Parts  of  bitartrate  of  potash  should  require  only 
350  parts  of  iron ;  as,  however,  this  metal  always 
contains  carbon  and  silica,  an  excess  must  be  taken, 
but  not  1  part  of  iron  to  4  of  cream  of  tartar,  as  re- 
commended in  the  Pharmacopoeia,  for  in  this  case  at 
least  one-fourth  of  the  iron  remains  xmactcd  on. 
The  reaction  just  described  is  only  the  first  stage  of 
the  process  ;  soon  after,  that  is,  as  soon  as  any  of  the 
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protoxide  of  iron  has  formed  and  become  conyerted 
mto  proto-tartrate  of  iron,  the  latter  absorbs  oxygen 
from  the  air,  and  being  partially  transformed  into 
persalt  combines  with  a  portion  of  the  neutral  tar- 
trate of  potash ;  it  is  from  the  formation  of  this  persalt 
that  the  liquid,  at  first  colourless,  acquires  its  yellow 
colour,  gradually  deepening  to  black.  The  proto- 
tartrate  of  iron  becomes  more  soluble  as  its  oxidation 
and  combination  with  a  part  of  the  neutral  tartrate 
of  potash  proceeds:  this,  however,  goes  on  but  slowly, 
80  that  when  all  the  bitartrate  of  potash  is  decomposed 
a  considerable  portion  remains  suspended  in  the 
solution.  This  insoluble  portion  also  contains  potash, 
as  a  compound  consisting  of  a  small  portion  of 
tartrate  of  potash  with  a  large  proportion  of  a  tartrate 
of  peroxide  and  protoxide  of  iron.  Simultaneously 
with  the  increased  oxidation  of  the  iron,  half  the 
tartaric  acid  separates  from  the  prototartrate  : — 

2  at.  FeO  +  f  ,  and  1  at.  O,  form 
1  at.  FegOa  +  f ,  and  1  at.  f . 

This  atom  of  tartaric  acid  becomes  decomposed  into 
"volatile  products,  and  by  a  continued  digestion  with 
a  gentle  heat  about  ^  the  acid  in  the  cream  of  tartar 
is  thus  lost,  consequently  the  yield  of  well  dried 
salt  is  generally  less  than  the  material  used.  The 
magma  is  now  of  a  black  colour,  and  evaporated  to 
dryness,  yields  a  black  mass  of  a  glistening  fracture. 
In  this  state  it  will  be  found  that  §  only,  or  at  most 
j  of  the  mass  is  soluble  in  water ;  the  solution  is 
black,  the  residue  a  lighter  or  darker  greenish-gray. 
This  residue,  when  1^  instead  of  1  part  of  iron  to  6 
parts  of  cream  of  tartar  has  been  used,  contains  a 
certain  portion  of  iron,  but  this  gradually  diminishes 
as  the  digestion  is  continued,  not  from  the  formation 
of  more  tartrate  of  iron,  but  that  already  present 
undergoing  the  same  change  as  it  does  when  exposed 
to  the  action  of  water  and  air,  viz.,  it  becomes  grad- 

R  R  2 


462     KJLL1VX  OXIDATUM  TABTA&IOVM  FSABATUk. 

ually  changed  to  insoluble  peroxide  and  protoxide, 
M-hich  remain  mixed  with  the  potassio-tartrate  of 
iron,  and  are  the  chief  cause  of  the  dark  colour  of  the 
residue.  When  this  salt  is  treated  with  water  the  black 
colour  of  the  solution  is  not  due,  as  is  generally  sup- 
posed, to  tannin  (as  tannate  of  iron),  or  from  other  im- 
purities in  the  tartar,  the  purified  cream  of  tartar 
giving  the  same  results  as  the  common,  in  which  by 
Qie  way  I  never  could  discover  any  tannin;  ♦  but 
the  reason  of  the  latter  black  colour  is  to  be  sought 
for  in  the  proportion  in  which  prototartrate  of  iron  is 
combined  with  the  pertartrate  of  iron  and  tartrate  of 
potash,  andthe  larger  proportion  of  tartrate  of  potash 
in  the  preparation  (a)  causes  its  much  darker  colour. 
The  black  solution  still  contains  a  small  portion  of 
the  green  compound  scarcely  soluble  in  water  for 
on  evaporating  to  dryness  this  becomes  separated 
and  on  again  treating  with  water  a  considerable  por- 
tion of  it  remains,  and  may  be  filtered  off;    and  it  is 
only  after  several  times  evaporating  to  dryness,  re- 
dissolving  and  filtering,  that  a  solution  is  obtained 
which,  when  evaporated  to  dryness,  yields  a  black 
gh'stening  mass,  entirely  soluble  in  water. 

The  different  residues  obtained  by  treating  this 
preparation  with  water  and  evaporating  are  nearly 
similar  in  their  constitution,  containing  potash, 
tartaric  acid,  peroxide  and  protoxide  of  iron.  The 
black  solution  is  richer  in  persalt  than  the  residue, 
but  its  composition  is  not  constant;  for  instance, 
it  contains  more  or  less  tartrate  of  potash,  combined 
with  the  potassio-tartrate  of  peroxide  and  protoxide 
of  iron,  according  to  the  temperature  and  length  of 
time  employed  in  its  formation;  if  the  digestion 
has  been  carried  on  without  any  heat,  a  salt  is  ob- 
tained rich  in  tartrate  of  potash,  very  soluble,  and 
attracting  moisture  ;  consequently,  in  order  to  ob- 
tain a  preparation  remaining  dry  in  the  air,  it  must 

*  Tannin  can  only  occur  in  the  preparation  if  an  oaken  spatula 
has  heou  imed. 
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be  digested  at  a  gentle  heat.  An  exact  formula  of 
the  preparation,  even  disregarding  any  oxide  of  iron 
or  metallic  iron  that  may  be  present,  can  scarcely  be 
given  without  entering  on  a  long  series  of  com- 
poTinds,  the  composition  of  which  depends  on  the 
action  of  the  air,  temperature,  time  employed  in 
washing,  &c.,  and  many  other  accidentfid  circum> 
stances. 

The  hygroscopic  mass  prepared  by  evaporating 
the  solution  obtained  by  digestion  without  heat,  I 
found  of  the  following  composition : — 

16(K0  +  f),  2(FeO  +  T),  ZiFe^O^  +  T^.) 

That  which  was  permanent  in  the  air,  and  obtained 
on  dissolving  and  evaporating  several  times,  gave 

8(K0+T),  l(reO  +  f),  3(Fe203  +  T). 

The  residue  filtered  from  the  mass  when  treated 

with  water,  gave  2(K0  +  T)Fe20x  +  T ;  the  iron  con- 
sisting of  peroxide  and  protoxide  in  undetermined 
proportions. 

Properties. — (a)  Potassio-tartrate  of  iron  prepared 
with  peroxide  is  a  brownish-yellow,  resinous,  brittle 
mass,  yielding  a  greenish-yellow  amorphous  pow- 
der. It  is  odourless,  of  a  sweetish,  mild,  fer^ 
ruginous  taste.  Exposed  to  the  air  for  several  days 
the  powder  attracts  moisture,  becomes  covered  with 
a  brownish-yellow  varnish-like  surface,  which  how- 
ever is  dry  and  brittle,  and  undergoes  no  further 
change.  Exposed  to  a  strong  heat  it  decomposes 
without  fusing,  giving  off  fumes  similar  to  tartaric 
acid,  and  leaving  a  reddish  residue,  a  mixture  of 
peroxide  of  iron  and  carbonate  of  potash.  "Water 
readily  dissolves  it  to  a  dark,  yellowish-brown 
liquid,  having  an  acid  reaction.  Alcohol  does  not 
dissolve  it.  Any  contamination  of  lime  (from  im- 
pure cream  of  tartar)  is  detected  by  oxalate  of  am^ 
monia,  copper  by  a  clean  piece  of  iron. 
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(b)  This  preparatioii  has  a  gUstening  UadL  colov, 
giying  a  dark  grayish-sreen  powder ;  its  taste  nd 
behaviouT,  when  heatea,  are  RiTnilar  to  the  pare 
salt.  In  the  air  it  attracts  xnoistiixe»  hat  not 
sufficiently  to  become  perceptibly  damp.  Wslci 
dissolves  only  about  t  of  it ;  the  ina^uble  residniB 
is,  however,  readily  taken  up  by  the  dilute  hydio- 
chloric  acid ;  it  is  of  a  variable  gpreenish-brown 
colour,  and,  excepting  iron  (from  exceaa  emplojed] 
and  protoxide  of  iron,  consists  of  potassio-'tarttatc 
of  protoxide  and  peroxide  of  iron,  containing  propor- 
tionately more  protoxide  than  the  compound  (a); 
the  aqueous  solution  is  black  (greenish- black),  and 
contains  a  salt  richer  in  peroxide  (than  the  residue) 
and  corresponding  to  the  compound  (a),  but  con- 
taining more  tartrate  of  potash  than  this  does. 
Iron  is  detected  by  treating  the  residue  with  very 
dilute  hydrochloric  acid,  when  a  metallic  lustrous 
residue  is  left,  which,  exposed  for  some  time  to  the 
air,  becomes  covered  with  rust.  Lime  is  best  de- 
tected by  heating  to  redness,  when  the  tartrate  is 
converted  into  carbonate  of  lime,  then  treatins  the 
mass  with  acetic  acid,  and  adcUng  oxalate  of  am- 
monia ;  copper  by  placing  a  dean  piece  of  iron  in 
the  acetic  acid  solution,  or  treating  the  heated 
mass  virith  ammonia. 


KALIUM    OXIDATUM   TARTAEICUM 
NATRONATUM. 

Soda  Potassio-Tartras, — Potwsio-Tartrette  of  Soda, 

Formula  :  (KO  +  f)  +  (NaO  +  T)  +  8HO. 

PreparaHon, — 3  Farts  of  crystallized  carbonate  of 
soda  are  dissolved  in  a  lead  or  weU-tinned  copper 
vessel  with  20  parts  of  boiling  water,  and  findy- 
l)owdcred  cream  of  tartar  is  added  by  small  por- 
tions to  the  still  boiling  mixture,  which  must  be 
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constantly  stirred,  until  the  alkaline  reaction  has 
nearly  disappeared.  4  Parts  of  cream  of  tartar  are 
generally  sufficient.  The  liquid  is  then  diluted 
"with  15  parts  of  water,  poured  into  an  earthen 
vessel,  and  placed  on  one  side,  in  the  cool,  for  3 
days,  filtered,  (if  necessary,  clarified  with  white  of 
egg,  as  directed  under  the  article  Kali  Tart.  Neutr.) 
and  the  filtrate  evaporated,  in  a  clean  iron  vessel, 
until  a  small  portion  on  removal  gives  signs  of 
crystallization ;  it  is  then  poured  into  glazed  stone- 
ware ve&sds,  and  placed  in  the  cool.  The  crystals 
after  1  or  2  days  are  separated  from  the  mother 
liquor,  spread  on  filtering  paper  and  dried  with  a 
very  gentle  heat ;  the  mother  liquor  is  evaporated 
as  often  as  crystals  form.  The  last  portions  are 
generally  yellow  coloured,  and  require  a  second 
crystallization ;  if  this  is  only  a  small  portion  it 
is  better  to  keep  it  for  a  fresh  quantity  of  the 
preparation.  As  an  average,  about  4^  parts  of  the 
potassio-tartrate  will  be  yielded. 

RecapittUation, — ^This  is  merely  a  repetition  of 
that  under  Kali  Tart.  Neutr.  ;  the  soda  neutral- 
izes the  second  atom  of  acid  in  the  cream  of  tartar, 
and  the  carbonic  acid  is  given  off.  The  tartrate  of 
soda  thus  formed  gives,  with  the  tartrate  of  potash 
which  remains,  and  a  portion  of  water,  a  very  solu- 
ble crystaUizable  double  salt : — 

1  at.  (KO  +  f )  +  (HO  +  T),  and  1  at.  NaO  -h 
COjj  +  lOkO,  form 

1  at.  (KO  +  f )  +  (NaO  +  T)  +  8H0,  1  at. 
CO2,  and  3  at.  HO. 

2352  Parts  of  cream  of  tartar  require  1790  parts  of 
crystallized  soda  for  their  saturation  ;  these  relative 
weights  vary  according  to  the  state  of  purity  of  the 
salt  (tartrate  of  lime  being  frequently  found  in  the 
cream  of  tartar,  and  sulphate  of  soda  in  the  car- 
bonate of  soda).      By   crystallization   the  foreign 
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salts  are  removed  the  sulphate  of  soda  remaiiuxig 
in  the  mother  liquor,  whilst  such  portions  of  tar- 
trate of  lime  as  were  not  precipitated  during  the 
neutralization  wiH  separate  on  eyaporating  the 
mother  liquors.  For  the  remainder  I  must  refer  to 
the  article  Kali.  Oxid.  Tabt.  Neutbale. 

If  the  cream  of  tartar  contain  much  racemie 
acid  a  considerable  loss  of  crystallized  potassio- 
tartrate  of  soda  will  result,  and  the  mixture  con- 
tain a  large  quantity  of  syrupy  mother  liquor  ;  for 
the  racemie  acid  forms  with  difficidty  a  double  salt 
of  potash  and  soda. 

Prop«r^*e9.-»Pota8sio-tartrate  of  soda  forms  trans- 
parent, right,  rhombic,  6  and  12  sided  prisms,  often 
of  considerable  size.  It  is  odourless,  of  a  mild, 
saline,  cooling  taste.  It  is  imalterable  in  the  air  at 
the  ordinary  temperature  ;  in  the  summer  it  some- 
times gives  the  very  slightest  indication  of  efflor- 
escence ;  at  a  moderate  temperature  it  fuses  in  its 
water  of  crystallization,  again  becoming  solid;  if 
the  heat  is  increased  it  again  fuses,  but  the  tartrate 
of  potash  now  decomposes,  and  leaves  a  mixture  of 
carbonate  of  potash,  carbonate  of  soda,  and  char- 
coal. 1  Part  of  the  salt  dissolves  in  2^  parts  of 
cold  water,  whilst  it  requires  scarcdy  its  weight  of 
boiHng ;  the  solution  has  a  neutral  reaction.  AlcO" 
hoi  t^es  up  only  traces  of  it.  Its  most  probable 
impurities  are  iron,  copper,  dktmina,  Hme,  magnesia, 
mUphuric  and  hydrochloric  adds,  the  tests  for  which 
are  given  under  Kali.  Oxid.  Tabt.  Acid.  An  adul- 
teration with  alum  is  detected  by  its  sweetish  astrin- 
gent taste  and  acid  reaction,  whilst  hoi'ox  gives  an 
alkaline  taste  and  reaction.  Alum  and  borax  when 
heated  both  liquify  in  their  water  of  crystallization, 
then  froth  up  to  a  spongy  mass,  which  fuses  together, 
at  a  high  temperature,  without  blackeningr 
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KALIUM   OXIDATUM  TARTABICUM 

STIBIATUM. 

Antimonii  et  PoUi88<b  Tartraa. — Potassio- Tartrate  of 
Antimony. —Tartar  Emetic, 

FoEMULA :  (KO  +  T)  +  (SbjjOs  +  T)  +  2H0. 

PrqmraHon. — 5  Parts  of  finely-powdered  cream 
of  tartar  and  4  parts  of  pure  oxide  of  antimony  (vide 
Stibium  Oxidatum)  are  placed  with  six  parts  of 
pure  water  in  a  fiask  capable  of  containing  50  parts 
water,  or  in  an  equally  capacious  porcelain  dish 
(with  large  quantities  a  leaden  vessel  may  be  used) ; 
thp  whole  digested  at  a  temperature  of  from  140® — 
180®  Pah.,  and  constantly  shaken,  or  stirred  with  a 
porcelain  rod  (the  water  which  evaporates  to  be,  if 
necessary,  replaced)  for  from  1  to  3  hours;  30 
parts  of  water  are  then  added,  the  mixture  boiled 
for  i  an  hour,  and  filtered  whilst  hot  into  a  glass  or 
porcelain  vessel.  The  crystals,  which  separate  after 
several  days,  are  freed  from  the  mother  liquor, 
which  is  evaporated  to  half  its  bulk,  filtered,  and 
allowed  to  crystallize ;  this  is  repeated  so  long  as 
crystals  form.  When  the  mother  liquor  yields  no 
more  crystals,  and  acquires  a  strong  acid  reaction, 
it  is  diluted  with  water,  saturated  by  digestion  with 
a  fresh  quantity  of  oxide  of  antimony,  filtered  and 
again  evaporated  to  crystallization.  The  crystals 
are  collected,  spread  out  on  paper  to  dry  in  the  air, 
finely  powdered  and  digested  for  1  day,  frequently 
agitating,  with  fifteen  times  its  volume  of  water  in  a 
flask :  the  solution  is  then  filtered,  evaporated  to 
crystallization,  and  the  purified  dried  salt  kept  in 
well-closed  bottles.  It  should  weigh  from  6  to  7 
parts. 

The  "Vitrum  antimonii,"  which  is  sometimes 
ordered,  gives  but  an  indifferent  preparation,  and 
should  not  be  employed.    Neither  can  I  give  any 
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preference  to  the  method  of  heating  sulphuret  of 
antimony,  nitre,  and  sulphuric  acid  together,  ex- 
hausting the  mass  "with  water  and  treating  the 
residue  with  cream  of  tartar. 

RecapittUation, — In  a  similar  manner  to  soda  and 
ammonia,  the  oxide  of  antimony  saturates  the 
second  atom  of  acid  of  the  cream  of  tartaty  forming 
a  double  salt  of  neutral  tartrate  of  potash  and  basic 
tartrate  of  antimony,  which  in  a  crystallized  stata 
contains  2  at.  of  water : — 

1  at.  (KO  +  T)  +  (HO  +  f)  and  1  at.  Sb^O,  + 
HO,  form 

1  at.  (KO  +  T)  +  (SbjOa  +  T)  +  2HO. 

2352  Parts  of  cream  of  tartar  require  2024  parts 
of  hydrated  oxide  of  antimony.  The'  digestion 
must  first  be  made  in  a  creamy  state,  in  order  that 
the  particles  may  be  in  close  contact,  and  only 
boiled  with  a  large  quantity  of  water  when  the 
double  salt  is  formed,  in  order  to  dissolve  the 
latter;  the  filtration  must  take  place  whilst  hot, 
as  a  large  quantity  of  salt  separates  on  cooling.  An 
entire  solution  of  the  creamy  mass  is  seldom  effected ; 
the  residue  is  either  tartrate  of  lime  (from  impure 
cream  of  tartar)  or  excess  of  oxide  of  antimony,  as 
the  exact  quantity  of  this  required  can  never  be 
calculated  owing  to  the  different  degrees  of  purity 
of  the  cream  of  tartar.  The  last  portions  of  tartar 
emetic  formed  are  yellowish,  owing  to  a  trace  of 
iron.  After  obtaining  two  or  three  crops  of  crystals 
a  syrupy  mother  liquor  generally  remains,  which  has 
a  very  acid  reaction  and  yields  no  more  crystals. 
This  arises  from  the  formation  of  a  double  salt  of 
neutral  tartrate  of  potash  and  neutral  tartrate  of 

antimony=(KO  +  T)  +  (Sba03  +  3T),  and  is  due  to 
an  excess  of  cream  of  tartar ;  it  necessitates  at  the 
same  time  the  separation  of  free  neutral  tartrate 
of  potash : — 
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3  at.  (KO  +  f +  HO  +  T)  and  1  at.  Sb^Og,  form 

1  at.  (KO  +  f)  +  (SbgOa  +  3T),  2  at.  KO  +  T  and 
3  at.  HO. 

To  use  up  this  mother  liquor,  it  is  diluted  -with 
water  and  boiled  with  a  fresh  quantity  of  oxide  of 
antimony,  which  converts  the  neutral  into  the  basic 
tartrate  of  antimony,  and  this,  with  the  neutral 
tartrate  of  potash  present,  forms  tartar  emetic : — 

1  at.  (KO  +  T)  +  (SbjOg  +  3f ),  2  at.  KO  +  f  ,  and 
2  at.  SbjO,,  form 

3  at.  (KO  +  T)  +  (SbjOg  +  T). 

The  mother  liquor  might  at  once  be  sat\irated 
with  carbonate  of  potash,  but  this  would  cause  a 
great  loss  of  tartrate  of  potash ;  for, 

1  at.  (KO  +  T)  +  (SbaO,  +  3T),  2  at.  KO  +  T, 
and  2  at.  KO  +  CO2,  form 

1  at.  (KO  +  f)  +  (SbjOa  +  f ),  4  at.  KO  +  T, 
and  2  at.  COj. 

The  second  crystallization  of  the  salt  is  to  sepa- 
rate the  last  traces  of  tartrate  of  lime,  and  also  any 
traces  of  copper  or  iron.  To  avoid  this  second 
crystallization,  the  cream  of  tartar  before  using 
must  be  purified  with  hydrochloric  acid. 

Properties,  Cream  of  tartar  crystallizes  in  trans- 
parent right  rhombic  (not  tesseral)  octohedra, 
which  are  odourless,  of  a  feebly  sweetish  taste, 
becoming  afterwards  nauseously  metallic.  In  the 
air  the  crystals,  from  loss  of  water,  become  opaque 
and  very  brittle.  Heated  in  a  test  tube  the 
crystals  decrepitate,  and,  without  entirely  fusing, 
give  off  their  water  with  a  continuous  crackling ; 
almost  at  the  same  time  the  salt  acquires  colour, 
decomposes  with  the  evolution  of  empyreumatic 
matter,  and  becomes  black  ;  the  carbonaceous  mass 
is  a  mixture- of  carbonate  of  potash,  reduced  anti^ 
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xnony,  and  carbon;  heated  in  the  air  the  cazbon 
glows,  the  antimony  fuaes  to  cLobuleB»  at  the  same 
time  becomes  partially  oxidizwl  aad  gtves  off  irhxte 
fumes  of  oxide  of  antimony.  Tartar  emetic  dis- 
solves in  14  parts  of  cold  and  2  of  boiling  water ;  the 
solution  has  an  acid  reaction.  Alcohol  does  not 
dissolve  it.  Its  aqueous  solution  must  not  be  ren- 
dered turbid  by  oxalate  of  ammonia,  fenoc^anidB  oC 
potassium,  chloride  of  barium*  or  nitate  of  sihcr. 
If  oxalate  of  ammonia  causes  a  precipitate  Um§  k 
present ;  a  brown  precipitate  with  fetrocTanide  of 
potassium  indicates  copper,  a  blue  one  iron  ;  the  pre- 
sence of  copper  is  rendered  certain  ifj,  on  treating 
the  cream  of  tartar  with  liquor  ammonia,  a  penna- 
nent  blue  solution  is  formed,  that  of  iron  when 
sulphocyanide  of  potassium  causes  a  red  coloor, 
(vide  BisM.  Nitr.).  Chloride  of  barium  indicates 
suiphuric  acid,  and  nitrate  of  silver  hyd/roehhric  acid 
when  they  cause  precipitates.  The  presence  of 
arsenic  is  not  to  be  feared  even  if  the  antimony  con- 
tained it,  as  it  will  all  remain  in  the  motiier  liquor. 
To  test  the  tartar  emetic  for  arsenic,  the  following 
method  is  the  best : — ^About  half  an  ounce  of  it  is 
finely  powdered,  dried  with  a  gentle  heat,  mixed 
with  its  weight  of  nitre,  and  the  mixture  thrown  by 
degrees  into  a  red-hot  crucible.  In  a  quarter  of  an 
hour  the  crucible  is  withdrawn  from  the  fire^ 
allowed  to  cool,  its  contents  exhausted  by  boiling 
with  water,  the  turbid  liquor  supersaturated  with 
pure  dilute  sulphuric  acid,  and  the  whole  evapo- 
rated nearly  to  dryness ;  the  mass  is  then  soltened 
with  water,  filtered,  and  a  few  bubbles  of  sul- 
phuretted hydrogen  passed  through  it,  sufficient  to 
allow  of  its  being  detected,  after  agitation,  by  the 
smell,  or  paper  saturated  with  solution  of  acetate  of 
lead.  The  yellowish-red  precipitate  caused  by  sul- 
phuretted hydrogen  is  separated  by  filtering,  the 
clear  liquor  heat^  imtil  every  trace  of  sulphuretted 
hydrogen  is  removed,  allowed  to  cool*  and  a  solution 
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of  sulphurous  add  added  by  drops  until  the  odour  of 
it  is  p^ceptible  even  on  shaking  for  some  minutes  ; 
again  heated  to  remove  the  excess,  and  sulphuretted 
hydrogen  passed  through  the  cooled  solution. 
After  this  is  saturated  and  allowed  to  stand  in  it 
moderately  cool  place  for  one  day,  the  precipitate 
which  forms  is  c<^lected  on  a  filter  (if  there  be  none 
the  tartar  emetic  is  free  from  arsenic),  washed  well« 
and  dissolved  in  liquor  ammonia  by  pouring  this 
over  the  filter  as  it  lies  in  the  frmnel ;  the  ammo- 
niacal  flidd  is  collected  in  a  watch  glass  and  evapo^ 
rated  to  dryness.  The  yellow  residue  is  intimately 
mixed  with  6  times  its  weight  of  well-dried  neutral 
oxalate  of  potash,  the  mixture  poured  into  a  narrow 
test  tube,  and  heated  over  a  spirit  lamp.  It  gra- 
dually becomes  gray,  fuses,  and  evolves  a  vapour 
which  partly  covers  the  upper  portion  of  the  tube, 
as  a  gray  ring  of  a  metallic  lustre,  and  is  partly 
evolv^  giving  off  a  smell  resembling  garlic. 

This  is  certionly  rather  circumstantial,  but  to  de- 
tect arsenic  with  any  degree  of  accuracy,  in  tartar 
emetic,  the  t«movel  of  the  antimony  must  be  care- 
fully effected,  as  small  quantities  of  arsenic  with  an 
excess  of  antimony  cannot  be  discovered  with  cer- 
tainty. By  deflagrating  with  nitre  the  oxide  of  an- 
timony is  converted  at  the  cost  of  the  oxygen  of  the 
nitric  acid,  into  antimonic  acid,  and  any  arsenious 
acid  that  may  be  present  into  arsenic  acid,  both  of 
which  acids  remain  combined  with  potash ;  the  ele- 
ments of  the  tartaric  acid  form  carbonic  acid  and 
water.  A  portion  of  this  carbonic  acid  unites  with 
that  portion  of  the  potash  which  has  entirely  lost 
its  nitric  acid  : — 

1  at.  (KO  +  C^Kfi,)  +  (Sb^Oa  +  C^Kfi,) 

and  3  at.  KO  +  NOg,  form 
1  at.  KO  +  Sb^Og,  6  at.  COg,  4  at.  HO,  2  at. 

KO  +  COg,  1  at.  KO  +  NO3,  and  2  at.  N. 

Thus    carbonic  acid,    water,   and   nitrogen  are 


472    XALnrx  oxidatux  taxtabicuu  wnxiMTatL 

erolTcd ;  whSkt  antimoniate  of  potash,  cazbonate  <k 
potash,  and  nitrite  of  potash  form  the  xeaidiie. 
4152  Parts  of  anhydrous  tartar  emetic  require  S7M 
parts  of  saltpetre.  The  slight  excess  of  nitre  Iff 
using  equal  proportions  of  the  two  salts  ia  of  no  iu 
consequence,  but  rather  insures  entire  oxidatiim* 
and  becomes  converted  at  a  red  heat  into  nitrite  of 
potash  with  evolution  of  oxygen.  The  explanatioa 
remains  the  same  if,  in  the  preceding  formula,  we 
consider  the  oxide  of  antimony  partly  replaced  by 
arsenious  acid  and  the  antimonic  by  anienic  ada 
On  treating  the  heated  mass  with  excess  of  sul- 
phuric acid,  this  absorbs  all  the  potash,  precipitating 
the  antimonic  acid  almost  completely,  whilst  all  the 
arsenic  acid  remains  in  solution  with  the  sulphate 
of  potash,  carbonic  and  nitrous  acids  being  evolved; 
the  evaporation  to  dryness  which  follows,  insures 
the  entire  evolution  of  the  nitrous  acid.  If  now,  on 
diluting  the  mass  with  water  and  filtering,  sulphu- 
retted hydrogen  is  passed  through  the  solution, 
(iicid  from  i£e  excess  of  sulphuric  acid,)  the  smsll 
excess  of  antimonic  acid  present  is  precipitated  as 
the  highest  sulphuret  of  antimony,  and  the  arsenie 
acid  only  when  it  is  reduced  to  arsenious  add. 
This  reduction  is  caused  by  the  sulphurous  add 
whilst  being  converted  into  sulphuric  acid : — 

1  at.  Asfli  and  2  at.  SO.^t  form 
1  at.  AS2O3  and  2  at.  SO3. 

Previous  to  the  addition  of  the  sulphurous  acid, 
and  after  removing  the  sulphuret  of  antimony,  the 
sulphuretted  hydrogen  still  in  the  solution  must  be 
driven  off,  otherwise  the  action  of  the  former  (sul- 
phurous acid  is  exerted  on  the  sulphuretted  hydro- 
gen, converting  it  into  sulphur  and  water:— 

1  at.  SO2  and  2  at.  HS,  form 
3  at.  S  and  2  at.  HO. 

On  the  other  hand  it  is  quite  evident  that  all  traces 
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of  the  sulphurous  acid  must  be  removed  by  heating 
previous  to  treating  it  a  second  time  with  sulphu- 
retted hydrogen.  The  precipitate  now  caused  by 
sulphuretted  hydrogen  is  a  pure  yellow,  and  has 
the  composition  of  oipiment^  AsjSj  :— 

1  at.  A82O3  and  3  at.  HS,  form 
1  at.  As^^  and  3  at.  HO. 

To  remote  it  fiK>m  the  filter  without  loss,  it  is  dis- 
solved in  liqu5r  ammonia,  and  this  driven  off  by 
evaporation.  On  heating  with  dry  neutral  oxalate 
of  potash,  (KO  +  CjO^),  the  sulphuret  of  arsenic  is 
reduced ;  the  arsenic  is  evolved  and  known  by  the 
characteristics  previously  given,  the  sulphur  com- 
bines wi^  the  potassium  and  the  oxygen  of  the 
potash  with  the  oxalic  acid,  which  is  converted  into 
gaseous  carbonic  acid,  and  evolved  with  the  ar- 
senic : — 

3  at.  KO  +  CjOs  and  1  at.  AsjS,,  form 
3  at.  KS,  6  at.  CO3,  and  2  at.  As. 

The  grayish-black  colour  which  the  mixture  ac- 
quires after  heating  to  redness  arises  from  the  de- 
composition of  the  excess  of  oxalate  of  potash 
present;  this  acording  to  theory  should  separate 
into  carbonate  of  potash  and  carbonic  oxide,  and 
consequently  form  a  white  residue : — 

1  at.  KO  +  C^Og^  1  at.  KO  +  COg, 
and  1  at.  CO  ; 

but  a  portion  of  the  carbonic  oxide  decomposes  into 
carbonic  acid  and  carbon,  the  latter  of  which  re* 
mains  mixed  with  the  carbonate  of  potash,  so  long 
as  oxygen  is  wanting  for  its  combustion. 

Lastly,  not  to  leave  the  faulty  part  of  the  previous 
method  unnoticed,  I  must  remark  that  when  tartar 
emetic  contains  arsenic,  a  garlic  odour  is  generally 
evolved  during  the  deflagration,  this,  although  due 
to  a  loss  of  arsenic,  leaves  the  presence  of  this  metal 
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without  doubt.  The  greater  part  of  the  anenio  ea- 
capes  this  momentary  reduction  and  TolatiliiatiflB, 
and  will  with  certainty  be  found  in  the  latter  put 
of  the  process.  By  the  first  treatment  with  snl- 
phuretted  hydrogen,  for  the  purpoae  of  remoTing 
the  last  traces  of  antimony,  a  small  portion  of  the 
arsenic  also  is  thrown  down ;  the  second  action  of  the 
sulphuretted  hydrogen  is  not  on  thia  account  to  he 
omitted,  as  the  solution  still  containa  the  larger  pof- 
tion  of  the  arsenic.  I  should,  however,  recomm£nd 
that  the  first  precipitate  be  tested  b^  reduction  with 
oxalate  of  potash,  and  if  arsenic  la  diacoyered  ia 
it,  the  second  precipitation  with  sulphuretted  hj- 
drogen  is  imnecessary.  The  antimony  as  well  as  the 
arsenic  is  separated  &om  its  sulphureta  in  the  w*«>f*n»c 
taste,  but  the  former  is  not  volatiliaed  by  the  heet 
to  which  the  test  portion  is  subjected,  and  therefioe 
it  yields  no  metallic  sublimate;  but  e^en  if  this 
should  happen,  there  will  be  no  garlic  odour  of  ar- 
senic. The  sulphuret  of  antimony  is  in  the  highest 
state  of  sulphuration«SboS5,  and  as  thia,  gives  off 
2  at.  of  sulphur  below  the'temperature  at  which  the 
oxalate  of  potash  can  exert  any  action,  a  sublimate 
of  sulphur  is  always  formed  xmder  the  circum- 
stances. The  separation  of  any  arsenic  present  will 
not  be  in  the  least  affected,  for  all  the  sulphur  will 
be  given  off  before  any  of  the  metal  is  evolved. 


KALIUM  SULPHURATUM. 

Pot€U8U  Sulphidum. — Hepar  StUpkuria  JKo/mtim.-— 
Potassium  Sulphuretum, — Su^huret  of  Poiaatum. 
— Liver  ofStt^hur. 

Formula:  2KS3+(K0  +  2S0). 

Preparation, — (a.)  J%e  pure  compound.  According 
to  the  directions  in  most  Pharmacopooias,  the  liver 
of  sulphur  18  really  a  tersulphuret  of  potassium « 
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KS3 ;  and  the  relatiye  proportions  here  giyen  are 
the  same.  A  narrow-necked  glass  flask  is  only  | 
filled  with  an  intimate  mixture  of  5  parts  of  pure 
carbonate  of  potash  and  3  parts  of  washed  sulphur ; 
the  flask  is  placed  on  a  thin  layer  of  sand  with 
which  it  is  surrounded  to  about  half  its  depth,  then 
heated,  at  first  gently,  but  when  the  mixture  begins 
to  fuse,  more  strongly,  until  the  whole  forms  a  liyer- 
coloured,  thickish  but  entirely  fluid  mass,  which  no 
longer  pu£&  up.  To  determine  with  greater  cer- 
tainty whether  the  reaction  is  finished,  a  portion  is 
withdrawn  on  a  glass  rod  and  treated  with  water ; 
if  it  entirely  dissolves  without  the  precipitation  of 
any  yellow  powder,  all  the  carbonate  of  potash  is 
decomposed,  otherwise  the  fusion  must  be  continued. 
The  flask  is  now  removed  from  the  fire,  closed  with 
a  cork,  or  with  bladder,  when  cold  broken,  the  con- 
tents coarsely  powdered  and  kept  in  a  well-dosed 
bottle.    The  yield  is  somewhat  over  6  parts. 

b.  The  common  preparation.  2  Parts  of  carbonate 
of  potash  from  potashes,  or  if  the  Pharmacopoeia 
permits  it  common  potashes,  are  mixed  with  1  part 
of  pounded  sulphur  in  a  strong  cast  iron  pot,  which 
should  not  be  more  than  g  full ;  the  pot  is  then 
placed  on  a  bright  fire,  and  when  the  mixture  be- 
gins to  fuse,  closed  with  a  cover,  well  stirred  from 
time  to  time  with  an  iron  spatula,  heated  until  it  is 
entirely  liquid,  and  no  longer  pufls  up ;  a  portion 
is  then  tested  as  in  the  preceding,  by  shaking  with 
water;  if  no  yellow  powder  separates,  the  fused 
mass  is  quickly  poured  into  a  cold  iron  vessel  which 
has  been  previously  oiled,  and  the  latter  well  cov- 
ered. As  soon  as  the  mass  has  suj£ciently  cooled 
to  become  brittle,  it  is  coarsely  powdered  and  kept 
in  a  well- closed  bottle.  If  the  potash  or  carbonate 
of  potash  was  not  moist,  2;  psirts  of  liver  of  sulphur 
vrill  be  produced. 

The  preparation  of  liver  of  sulphur  in  quantity, 
which  necessitates  the  employment  of  open  vessels, 
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requires  some  precaution,  as  fhe  mass  so  MMnii  ts  it 
liquifies  readily  ignites  at  the  sides,  and  the  ndpliiir 
rous  acid  thus  eTolyed  renders  it  very  dangerous  ts 
the  workmen ;  if  iron  yessels  are  employed  they  aie, 
unless  Tery  thick,  soon  eaten  through,  whilst  tiis 
liability  to  breakage  prcTents  the  use  of  earthen  ves- 
sels. I  find  these  evils  may  be  altogether  avoided  if 
the  so-called  wet  method  is  followed.  For  this  pro- 
cess 2  parts  of  carbonate  of  potash,  1  part  of  sulphur, 
and  2  parts  of  water  are  heated  to  boiling,  which  ii 
continued  so  long  as  the  mixture  puA  up.  "When 
on  withcbrawing  a  portion  and  mixing  with  water, 
it  ceases  to  giye  a  precipitate  of  sulphur,  fhe  hest 
is  raised  untu  the  mass  is  not  only  brittle  on  cod- 
ing, but  forms  a  limpid  fluid  in  the  pot,  whidi  ii 
then  withdrawn  from  the  fire  and  the  eontenti 
poured  into  another  vessel,  the  surfiEice  of  which  has 
been  rubbed  with  oil ;  when  cold  the  mass  is  broken 
up,  &c.,  &c.  If  the  mass  when  treated  vrith  water 
still  gives  off  sulphur,  \  a  part  of  v^ter  must  be 
added,  and  again  boiled.  The  objection  to  this  pro- 
cess is  the  greater  time  required. 

If,  instep  of  tersulphuret,  the  highest  or  penta* 
sulphuret^KSg  is  required,  the  proportions  are  6 
parts  of  pure  carbonate  of  potash,  to  4^  parts  of  sul- 
phur ;  or,  2  parts  of  caustic  potash  and  1-|-  parts  of 
sulphur. 

Eecapitulcttion, — If  carbonate  of  potash  and  sul- 
phur are  heated  in  the  proportion  to  form  the  ter- 
sulphuret, 2  at.  of  potash  give  their  oxygen  to  2  at. 
of  sulphur ;  the  hyposulphurous  acid  thus  formed 
combines  with  1  at.  potash  to  hyposulphite  of  pot- 
ash, the  2  at.  of  potassium  veith  6  at.  of  sulphur 
form  tersulphuret  of  potassium  and  the  carbonic 
acid  is  evdved,  causing  the  puffing  up  :-* 

3  at.  KO  +  CO2  and  8  at.  S,  form 

2  at.  £83,  1  at.  KO  +  SsO,,  and  3  at.  CO,. 

2595  Parts  of  pure  carbonate  of  potash  requin 
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1600  parts  of  sulphur;  if  potashes  are  employed 
the  sulphur  must  be  diminished  by  J  on  accoimt  of 
the  impurities  they  contain. 

If  the  mixture  is  such  as  to  produce  the  highest 
Bulphuret,  10  at.  of  sulphur  combine  with  the  2  at. 
of  potassium : — 

3  at.  KO  +  COa  and  12  at.  S,  form 

2  at.  KSg,  1  at.  KO  +  SgOg,  and  3  at.  COj, 

Or,  2596  parts  of  pure  carbonate  of  potash  require 
2400  parts  of  sulphur.  On  accoimt  of  the  puiffing 
up  that  the  evolution  of  carbonic  acid  causes,  capa- 
cious vessels  must  be  used ;  for  small  quantities 
glass  flasks  are  most  convenient,  and  on  the  large 
scale  cast-iron  vessels.  As  soon  as  the  mass  be- 
comes qidetly  fluid,  it  is  well,  previous  to  removing 
from  the  fire,  to  try  if  it  is  perfectly  soluble,  free 
.from  imcombined  sulphur. 

If  the  precaution  is  taken  that  it  does  not  ignite 
(«.6.  a  flask  is  used),  little  or  no  sulphuric  acid  will 
be  formed  ;  if,  however,  wide  open  vessels  are  em- 
ployed, this  can  scarcely  be  prevented,  and  the  hy- 
posulphite of  potash  by  absorbing  oxygen,  becomes 
partially  or  entirely  converted  into  sulphate  of  pot- 
ash and  the  excess  of  sulphur  is  evolved  as  sulphu- 
rous acid: — 

1  at.  KO  +  S2O2  and  3  at.  O,  form 
1  at.  KO  +  SO3  and  1  at.  SOg. 

It  is  also  possible  that  sulphite  of  potash  may  be 
formed,  and  according  to  the  length  of  time  it  bums, 
a  variable  quantity  of  hyposulphite,  sulphite  and 
sulphate  of  potash  will  be  formed  in  the  preparation. 
Sulphuret  of  potassium,  through  combustion,  un- 
dergoes the  same  change  into  sulphite  and  sulphate 
of  potash  as  the  hyposulphite  of  potash  does.  Con- 
sequently liver  of  sulphur,  although  made  with  pure 
materials,  should  when  containing  much  sulphate 
be  rejected  as  faulty  ;  this  is,  however,  seldom  done, 
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as  in  employing  open  yeesds  the  oontamiiiatioii  eA 
scarcely  be  avoided.  In  the  oommon  sulphuxet  d 
potassium  (as  used  for  baths)  an  additional  quantily 
of  sulphate  occTirs  from  that  contained  in  the  pot* 
ashes  employed. 

The  formation  of  sulphate  of  potash  is  least  when 
the  wet  method  is  employed.  On  the  small  scale  it  is 
least  advantageous,  as  the  short  time  required  fiv 
the  water  to  evaporate  renders  it  necessary  to  dilute 
it  two  or  three  times.  On  the  large  scide,  howent, 
the  proportionably  longer  time  required  to  evaporate 
the  equal  weight  of  water  from  the  carbonate  of 
potash,  will  generally  be  sufficient  to  diasolTS  the 
sulphur.  A  portion  which  on  testing  is  found  to  be 
perfecdy  combined,  gives,  when  evaporated  until  It 
becomes  brittle  on  cooUng,  a  liver  containing  \  its 
weight  of  water ;  to  remove  this  v?ater  the  mtm 
must  be  heated  imtil  it  loses  its  stiff  ooosistenot^ 
that  is,  until  it  commences  really  to  fuse. 

Properties, — Liver  of  sulphur  is  a  hard  brittle  mail, 
of  a  yellow  colour  with  atinge  of  green ;  when  quite 
dry  it  is  nearly  odourless,  of  a  bitter  strongly  alka- 
line and  hepatic  taste.  In  the  air  it  attracts  moisture 
and  deliquesces,  but  becomes  in  this  way  decom- 
posed, evolving  sulphuretted  hydrogen  whilst  sidphur 
separates  ;  for  this  reason  all  liver  of  sulphur  iHiai 
in  contact  with  the  air  gives  off  the  odour  of  rotten 
eggs.  The  sulphuretted  hydrogen  is  formed  by  the 
decomposition  of  the  water,  with  the  hydrog^  of 
which  a  portion  of  the  sulphur  combines,  whikt  the 
greater  part  separates  as  such,  or  in  combination 
with  a  trace  of  sulphuretted  hydrogen,  like  milk  of 
sulphur,  aud  consequently  is  of  a  yellowish-white 
instead  of  a  yellow  colour.  At  the  same  time  the 
potassium  becomes  oxidized  from  the  oxygen  of  the 
water,  and  the  potash  thus  formed  imites  with  the 
carbonic  acid  of  the  atmosphere : — 

1  at.  ES3, 1  at.  HO,  and  1  at  CO^  form 
1  at.  KO  +  CO2,  1  at.  HS,  and  2  at.  S. 
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At  the  same  time  the  free  oxygen  of  the  atmosphere, 
acting  on  another  portion  of  the  snlphuret  of  potas- 
sium, causes  the  formation  of  hyposulphite  of  potash, 
and  the  separation  of  free  sulphur  ;  (this  is  yellow 
and  crystaUine): — 

1  at.  KS3,  and  3  at.  O,  form 
1  at.  KO  +  SjjOg,  and  1  at.  S, 

The  sulphuret  of  potassium  when  entirely  deli- 
quesced and  no  longer  smelling  of  sulphuretted 
hydrogen,  consists  of  carbonate  and  hyposulphite  of 
potash,  and  imcombined  sulphur.  The  proportions 
of  hyposulphite  and  carbonate  of  potash  formed  by 
the  contact  of  the  air,  are  however  inconstant ;  the 
richer  the  preparation  in  sulphur  the  less  carbonate 
is  formed,  and  vice  vtrad;  for  instance  with  the  tersul- 
phuret »  KS3  almost  all  is  changed  to  carbonate,  whilst 
in  pentasulphuret  »KS5  on  the  other  hand,  the  greater 
portion  is  converted  into  hyposulphite ;  the  sulphu- 
retted hydrogen  evolved  in  the  first  instance  during 
the  decomposition  must  be  far  more  than  in  the  se- 
cond. This  explains  why  liver  of  sulphur  kept  in  badly 
closed  bottles  or  vessels  frequently  opened  gradually 
acquires  a  white  surface  (of  precipitated  sulphur). 
When  heated,  the  preparation  acquires  a  liver-brown 
colour  (hence  its  name)  and  melts  ;  at  a  higher  tem- 
perature the  sulphur  volatilizes,  and,  if  the  air  has 
access  becomes  converted  into  sulphurous  acid, 
which  finally  remains  (or  partially  remains)  in  the 
mass  as  sulphate  of  potash.  Liver  of  sulphur  is  dis- 
solved by  water  with  the  greatest  facility,  but 
requires  a  larger  quantity  for  its  solution  when  it 
contains  much  sulphate  of  potash  ;  a  white  deposit 
unaltered  by  a  large  quantity  of  water  denotes  the 
presence  of  silica  or  alumina  (from  the  potash)  a  black 
or  gray  one  is  probably  iron  (sulphuret  of  iron),  a 
yellow  one  free  aiUphur.  Alcohol  of  80  per  ct.  dis- 
solves the  sulphuret  of  potassium  from  flie  liver  of 
sulphur,  leaving   the  hyposulphite,  sulphite,  and 
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sulphate  of  potash  undissolYed  ;  all  the  cMionA  9/ 
potassium^  (or  at  least  most  of  it»)  the  catrbomaU  of 
potash,  and  other  impurities  will  be  Ibund  in  the 
residue.  The  aqueous  and  alcoholic  solutions  have 
a  strongly  alkaline  reaction.  Carbonaie  of  pottuk, 
which  sometimes  comes  from  using  an  excess  U 
potash,  and  sometimes  from  the  age  and  frequent 
exposure  of  the  preparation  to  the  air,  is  detected  by 
the  addition  of  lime  water,  which  it  renders  turbid. 
If  the  liver  of  sulphur  when  treated  with  dUnte 
sulphuric  acid  effervesces  without  eyolving  any 
sulphuretted  hydrogen,  it  must  be  thrown  away  as 
useless. 


LITHIUM   CHLORATUM. 

Liihii  CMoridum. — Lithium  Muriatumm.^-^Chloride 

of  Lithium, 

Fo&mrLA:  LiCl. 

Preparation,  (a) — From  Triphylin,  6  Parts  of  hy- 
drochloric acid  spec.  grav.  1*130,  and  1  part  of  nitnc 
acid  spec.  grav.  1*2  are  placed  in  a  fla^  capable  ci 
containing  20  parts  of  water,  and  with  constant 
agitation  3  parts  of  finely  powdered  tiiphylin  are 
added ;  the  mixture  is  digested  in  a  sand  bath  until 
the  liquid,  at  first  brown,  is  converted  into  a  clear 
yellow,  and  the  whole  poured  into  a  capacious 
earthen  dish,  diluted  with,  from  8  to  12  times  its 
weight  of  water,  and  precipitated  with  excess  of  liq. 
ammonia.  From  8  to  9  parts  will  be  sufficient  if  its 
spec.  grav.  is  0*960.  After  standing  for  some  days 
the  voluminous  precipitate  is  collected  on  a  filter, 
and  when  drained  as  much  as  it  will  must  be  pressed, 
returned  to  the  dish,  again  treated  with  water,  and 
the  process  repeated  once  or  twice,  or  until  the 
wash  water  no  longer  has  a  saline  taste.  The  liquids  * 
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tt^e  filtered  6nd  evaporated  to  dryness  in  a  pk)rcelain 
dish.  The  dry  salt  is  put  into  a  retort,  having  a  short 
neck,  the  latter  placed  on  a  thin  layer  of  sand  in  an 
iron  pot  and  surrounded  with  sand  to  the  depth  of 
the  salt ;  a  receiver  is  attached  without  any  luting, 
and  a  moderately  strong  heat  applied  from  1  to  4 
hours,  according  to  the  quantity  of  tiie  salt.  On  cool- 
ing  the  retort  is  broken,  the  sublimate  (sal  ammoniac) 
removed  from  the  upper  part,  and  the  residual  saline 
mass  dissolved  in  pure  water ;  the  solution  is  ren- 
dered alkaline  widi  caustic  ammonia,  treated  with 
oxalate  of  ammonia  as  long  as  it  causes  a  precipitate, 
allowed  to  deposit,  filtered,  evaporated  to  dryness  in 
a  porcelain  dish,  and  heated  in  a  platinum  crucible 
to  drive  off  all  the  ammoniacal  salts.  The  heated  mass 
is  again  dissolved  in  pure  water,  filtered,  the  filtrate 
evaporated  to  dryness  and  the  salt,  still  warm, 
placed  in  a  well-closed  bottle.  The  product  from 
66  parts  of  triphyllin  will  be  10  or  12  parts. 

J 6.)  From  Sulphate  of  Lithion,  8  Farts  of  crys- 
ized  sulphate  of  lithion  are  dissolved  in  80  parts 
of  distilled  water,  and  Id  parts  of  chloride  of  barium 
also  in  80  parts  of  water ;  the  greater  part  of  the 
first  solution  is  mixed  with  the  latter,  and  the 
remainder  added  gradually  in  very  small  portions  so 
long  as  it  causes  a  precipitate.  Care  must  be  taken 
that  neither  the  chloride  of  bariimi  nor  sulphate  of 
lithion  remains  in  excess.  When  the  precipitate  has 
subsided  it  is  filtered,  washed  with  distilled  water, 
the  filtrate  evaporated  to  dryness  and  kept  in  well- 
dosed  bottles.  About  5  parts  will  be  thus  pro- 
duced. 

Recapitulation, — (a)  The  Triphyllin  is  a  basic  ter- 
phosphate  of  protoxide  of  iron  (peroxide  ?),  protoxide 
of  manganese  and  lithium,  which,  according  to  the 
analysis  of  Fuchs,  consists  in  100  parts  of  41*47 
phosphoric  acid,  48*57  protoxide  of  iron,  4*70  pro-, 
toxide^  of  manganese,  3*40  lithium,  0*53  silica,  and 
0*68  water.     Excepting  the  silica,  it  is  entirely 

T  T 
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soluble  in  hydrochloric  add,  hat  the  nitric  acid  it 
added  to  conTcrt  the  iron  into  per-oxide,  or  rather 
per-oxide  and  per-chloride,  because  only  the  per- 
phosphate  of  iron  is  entirely  precipitated  by  am- 
monia. That  chlorine,  nitric  oxide  and  water  aze 
formed  on  mixing  hydrochloric  and  nitric  acids,  hai 
been  explained  already  several  times.  The  abofs 
mixture,  6  parts  of  hydrochloric  add  and  1  part 
nitric  add,  contains  a  considerable  exceaa  of  the 
former.  When  finely-powdered  mineral  is  added  to 
this  mixture,  it  dissolyes  first  of  all  in  the  hydro- 
chloric add ;  it  must  not  be  added  in  large  portioiis, 
or  from  absorbing  the  acid  slowly  hard  Innips  will  be 
formed,  which  acUiere  to  the  bottom  of  the  fflaas,  and 
render  it  liable  to  fracture,  and  they  are  aror  wards 
(tissolved  only  with  difficulty.  By  continued  diges* 
tion  the  brownish  colour  of  the  fluid  changes  (with 
the  evolution  of  brown  vapoTirs  of  hyponitric  add) 
into  yellow,  from  a  portion  of  the  chlorine,  which  is 
liberated  by  the  nitric  add,  decomposing  some  of 
the  water,  the  oxygen  of  which  converts  the 
protoxide  into  peroxide  of  iron,  and  the  hydrogen 
again  combines  with  the  chlorine  to  hydrochloric 
acid.  The  peroxide  of  iron  having  a  greater  capa- 
city for  combination  than  the  protoxide,  is  capable 
of  taking  down  both  the  phosphoric  add  combined 
with  the  lithion  as  well  as  its  own,  and  chloride  of 
lithium  IB  thereby  formed.  As  the  iron  remains 
combined  with  tiie  phosphoric  acid  its  increased 
oxidation  may  be  explained,  by  sayins  that  the 
nitric  acid  merely  imparts  to  the  protoxide  a  portion 
of  its  oxygen,  or,  that  the  free  chlorine  attracts 
iron  from  the  protoxide,  forming  perchloride,  the 
remainder  becomes  peroxide,  whHst  the  chloride  of 
iron  changing  constituents  with  the  phosphate  of 
lithion,  chloride  of  lithiimi  and  perphosphate  of  iron 
are  the  results : — 

1  at.  8  LiO  +  PaOj,  and  1  at.  PcjCl,,  form 
3  at.  LiCl  and  1  at.  Fe^O,  +  Pfif, 


XJTHIVK  CHLORATUM.  ?483 

The  solution,  when  all  the  iron  is  converted  into 
oxide,  contains  chloride  of  lithium,  perphosphate  of 
iron,  and  proto-phosphate  of  manganese.  The  two 
latter  salts,  together  with  any  alumina,  are  entirely 
thrown  down  by  ammonia,  their  solvent  (hydro- 
chloric acid)  being  withdrawn,  and  sal  ammoniac 
formed.  The  brown  precipitate,  which  at  the  same 
time  contains  that  portion  of  the  mineral  undis- 
solyed  by  the  hydrochloric  acid  (silica),  separates 
with  difficulty,  and  must,  therefore,  be  filtered  and 
pressed ;  in  order  to  obtain  as  much  as  possible  of 
the  salt  it  is  again  treated  with  water.  As  a  portion 
of  the  precipitate  becomes  forced  through  the  pores 
of  the  strainer,  the  liquid  requires  filtering  previous 
to  evaporation.  To  prevent  the  loss  of  the  sal 
ammoniac,  which  is  present  in  considerable  quan^ 
tity,  a  retort  is  employed  in  driving  it  off.  The 
residual  mass  which  still  contains  traces  of  chlorides 
of  ammonium  and  calcium  (the  latter  from  carbonate 
of  lime  generally  present  in  the  mineral),  is  treated 
with  ammonia  to  effect  its  entire  neutralization  and 
the  precipitation  of  any  traces  of  perphosphate  of 
iron  ;  with  oxalate  of  ammonia  to  remove  the  lime ; 
then  evaporated  to  dryness  and  heated  to  free  it 
from  any  adhering  ammoniacal  salts. 

(b)  Sulphate  of  lithion  and  chloride  of  barium 
are  entirely  decomposed  in  their  aqueous  solutions 
into  sulphate  of  baryta  and  chloride  of  lithium : — 

1  at.  LiO  +  SOg  +  HO,  and  1  at.  BaCl+  2H0,  form 
1  at.  LiCl  1  at.  BaO  +  SO3,  and  3  at.  HO. 

For  795  parts  of  crystallized  sulphate  of  lithion 
1524  parts  of  crystallized  chloride  of  barium  are 
requisite. 

Properties, — Chloride  of  lithium  thus  prepared  is  a 
white,  odourless,  crystalline  powder,  of  a  pungent 
saline  taste  resembling  common  salt ;  in  the  air  it 
attracts  water  with  the  greatest  avidity  and  dele- 
quesces  ;  heated  to  redness  it  fuses  without  change. 
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Water  and  alcohol  readily  dissolTe  it»  the  solutioiis 
have  a  neutral  reaction,  the  latter  one  burna  with  a 
oarmine  red  flame.  If  its  aqueous  Bolution  is  ren- 
dered turbid  by  oxalate  of  ammonia,  Ume  is  present, 
and  a  precipitate  afterwards  caused  in  the  filtered 
solution  by  phosphate  of  ammonia  denotes  moffnetia. 
If  a  solution  of  sulphate  of  magnesia  causes  -a  preci- 
pitate in  the  liqidd  to  which  ammonia  has  been 
added,  it  contains  phosphoric  tusid.  The  precipitate 
in  either  of  the  two  last-mentioned  cases  is  phos- 
phate of  ammonia  and  magnesia  (yide  Ahmov. 
Chloratum}.  Ammonia  precipitates  any  iron  that 
may  be  present  as  brown  flakes ;  if  these  contain 
perphosphate  of  iron  they  have  a  more  transparent 
appearance  than  the  pure  oxide ;  on  treating  with 
hydrosulphate  of  ammonia  they  instantly  assume 
the  black  colour  characteristic  of  iron.  On  agitating 
the  precipitate  caused  by  solution  of  caustic  potash* 
flltering,  and  adding  solution  of  sal  ammoniac,  a 
precipitate  or  turbidness  is  due  to  ctktmiina  {nid9 
Calo.  Chlor.).  Stdphurie  acid  is  detected  by  chloride 
of  barium.  If  it  is  not  entirely  soluble  in  abeolutp 
alcohol,  chloride  of  sodium  is  probably  present ;  to  de- 
termine this,  exhaust  the  insoluble  portion  with  abso- 
lute alcohol,  dry  and  heat  it  on  a  platinum  wire  beliDre 
the  blowpipe ;  if  soda  be  present  the  flame  will  be 
an  intense  yellow  colour.  If  the  residue  agitated 
with  water  gives,  on  the  .addition  of  tartaric  acid,  a 
crystalline  precipitate,  potash  is  present.  If  it  has 
any  chloride  of  ammonium  adhering  to  it  the  addition 
of  caustic  potash  will  cause  the  odour  of  anunonia 
to  be  evolved. 
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MAGNESIUM  OXmATUM  PURUM. 

Magnesia  U»ta, — Oxide  of  Mctgneevum.' — Calcined 

Mctgneeia, 

FOAMVLA  :  MgO. 

Preparation. — A  conyenient  quantity  of  com- 
mercial carbonate  of  magne8ia  in  small  lumps  (not 
finely  powdered)  is  placed  in  an  earthen  crucible 
which  may  be  nearly  filled,  and  the  latter,  coyered^ 
is  plEtced  in  a  good  wind  furnace.  So  soon  as  the 
crucible  is  red  hot,  its  contents  are  from  time  to 
time  carefully  stirred  with  a  clean  iron  spatula,  and 
when  the  interior  portion  has  also  acquired  this 
temperature,  a  smidl  quantity  is  withdrawn,  and, 
when  cool,  shaken  with  sulphuric  or  hydrochloric 
acid.  If  this  causes  an  evolution  of  gas,  the  heat 
must  be  continued  irntH  a  small  portion  dropped  into 
a  glass  of  dilute  acid  quietly  sinks  to  the  bottom, 
and  after  a  few  minutes  dissolves  without  the 
slightest  evolution  of  gas.  The  contents  of  the 
crucible  are  now  emptied  on  a  clean  iron  or 
copper  plate,  and  before  they  are  quite  cool  placed 
in  a  well-stoppered  bottle ;  the  crucible  in  the  mean 
time  is  filled  with  a  fresh  portion  and  the  heating 
proceeded  with.  9  Parts  of  carbonate  of  magnesia 
yield  about  4  parts  of  calcined. 

Recapitulation. — The  commercial  carbonate  of 
magnesia  is  a  basic  salt,  consisting  of  4  at.  magnesia, 
3  at.  carbonic  acid,  and  4  at.  water,  which  may  be 
considered  a  combination  of  3  at.  neutral  hydrated 
carbonate  of  magnesia  and  1  at.  hydrate  of  mag- 
nesia.  When  heated  to  redness,  the  carbonic  acid 
and  water  are  given  ofi",  and  the  pure  magnesia 
remains : — 

1  at.  3  (MgO  +  CO2  +  HO)  +  (MgO  +  HO),  give 
4  at.  MgO,  3  at.  CO2,  and  4  at.  HO. 

T  T  2 
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2307  Parts  of  carbonate  of  magnesiA  yield  108S 
parts  of  calcined.  The  water  and  carb<»iic  acid 
are  given  off  most  readily  when  the  preparation  is 
in  moderate-sized  lumps.  In  testing  for  carbonic 
acid  the  dilute  acid  must  not  be  added  until  the 
magnesia  is  nearly  cool,  otherwise  a  hiiring  is 
caused  which  may  readily  be  mistaken  for  an  dl^- 
yescence.  The  magnesia  should  also  be  added  to 
the  acid,  the  latter  in  considerable  excess,  and  not 
vice  veraif  as  in  the  last  case  the  carbonic  acid  is 
likely  to  enter  into  combination  with  a  portion  of  the 
magnesia  as  a  bicarbonate,  and  thus  escape  the  eyes 
of  Uie  manipulator.  K  the  magnesia  is  heated  after 
the  carbonic  acid  and  water  are  evolved,  it  soon  loses 
its  lightness  and  acquires  a  compact,  lumpy  foim. 
By  carefully  observing  these  apparently  trifling 
rules,  a  beautiful  preparation  will  be  obtained. 

Properties. — Calcined  magnesia  forms  a  snow- 
white,  impalpable,  odourless,  and  tasteless  powder, 
which  at  the  ordinary  red  heat  undergoes  no 
change.  Exposed  to  the  air  it  quickly  absorbs 
carbonic  acid  and  water,  becoming  partially  con- 
verted into  basic  carbonate  of  magnesia.  Moistened 
turmeric  paper  is  coloured  brown  by  it.  Water 
dissolves  traces  of  it ;  on  heating  the  aqueous  solu- 
tion it  becomes  turbid,  but  clears  again  on  cooling. 
Dilute  acids  dissolve  it  quietly  and  readily ;  if  gas 
bubbles  are  given  off  carbonic  €und  is  present.  If 
dilute  sulphuric  acid  leaves  a  residue  insoluble  in 
water  but  dissolving  when  heated  with  solution  of 
caustic  potash,  the  magnesia  contains  silica;  if 
soluble  in  a  large  quantity  of  water  it  is  sulphate  of 
lime  (gypsum)  and  the  magnesia  contained  Ume, 
If  silica  and  lime  are  present,  the  latter  is  most 
readily  detached  by  the  addition  of  oxalate  of 
ammonia  to  the  neutral  solution  of  the  sulphate. 
If  in  a  solution  of  the  sulphate,  ammonia  causes  a 
precipitate  not  dissolved  by  sal  ammoniac,  alumifw  is 
present ;  the  magnesia  will  be  partially  precipitated, 
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but  is  again  taken  up  by  sal  ammoniac  (ammonia  is 
evolved,  and  a  readily-soluble  double  salt  results). 
Iron  gives  rise  to  a  violet  or  bluish  black  turbidness 
on  the  addition  of  tannin  to  a  neutral  solution  of  the 
sulphate.  If  pure  water  agitated  with  the  prepara- 
tion afterwards  gives  a  turbidness  with  nitrate  of 
baryta  or  silver,  sulphuric  or  hydrochloric  ctcid  is 
present,  arising  from  the  sulphates  and  chlorides 
not  having  been  well  washed  from  the  carbonate  of 
magnesia. 


MAGNESIUM  OXIDATUM  SULPHURICUM 

DEPURATUM. 

Sai  Amartu, — MagnesitB  Sulphas, — Sulphate  of  Mag^ 

tieaia, — Epaom  Salts, 

Fobmula:  MgO  +  S03  +  7HO. 

Preparation, — Commercial  sulphate  of  magnesia  is 
generally  of  sufficient  purity ;  when,  however,  this 
is  not  the  case,  as,  for  instance  it  becomes  moist 
when  exposed  to  the  air,  or  appears  coloured,  it  is 
dissolved  in  twice  its  weight  of  pure  water  with  the 
application  of  heat,  and  filtered  into  a  porcelain  or 
stone  vessel,  in  which  it  is  allowed  to  rest  for  1  or  2 
days  in  a  cool  place.  The  crystals  are  then  removed 
•from  the  solution,  and  the  latter  evaporated  to 
half;  and  the  same  repeated  so  long  as  pure  crystals 
separate.  The  mother  liquor  is  thrown  away,  the 
crystals  are  spread  on  paper,  and  dried  in  the  air  in 
a  cool  place. 

Recapitulation. — Any  deliquescent  salts,  as  chlo- 
ride of  magnesium  or  calcium,  adhering  to  the  com- 
mercial salt,  from  their  ready  solubility  remain  in 
the  mother  liquor  together  with  any  colouring 
'matter. 

Properties, — Sulphate  of  magnesia  crystallizes  in 
rectangular    and    rhombic    prisms  and  pyramids, 
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which  ID  the  commereyJ  salt  axe  so  fino  as  to 
appear  like  needles ;  it  is  odourless,  and  of  a  Inttar 
aalme  taste.    In  the  air  it  is  sosrcely  altered  except 
in   summer,  when  it  slightly  effloreaoes.    Whsn 
heated  it  fiises  in  its  water  of  crystal1i«ition>  thsn 
dries,  and  at  a  strong  red  heat    becomes  liqnid 
again,  without   decomposing.    It.  diaadTes    in  I 
parts  of  water  of  the  ordinary  temperatnre,  and  ia 
1^  when  boiling ;  the  solution  has  »  neutral  reaction. 
Alcohol  does  not  dissolve  it.    Sulphate  of  w»^^g«fif 
is  in  general  contaminated  with  ehioride^  which  in 
the  dilute  solution  are  readily  detected  by  nitrate 
of  sUver.  If  the  base  of  the  chloride  is  Um9^  oxalate 
of  ammonia  then  causes  a  i>recipitate.     If  olumum 
is  present,  the  precipitate  caused  in  the  solution  of 
sulphate  of  magnesia  by  ammonia  will  not  be  again 
dissolved  by  sal  ammoniac ;  what  remaina  dissolves 
readily  in  caustic  potash.    Iron^  if  present,  gives  a 
violet  or  bluish  black  precipitate  witiii  ti^tiTiiw^  and 
copper  a  chocolate  one  with  ferrocyanide  of  potas- 
sium or  a  blue  solution  with  solution  of  ammonia. 
Potcuhf  which  is  sometimes  present  as  a  double  salt 
of  potash  and  magnesia,  is  detected  in  a  concen* 
trated  solution  by  tartaric  acid,  causing  on  agitation 
a  crystalline  precipitate.    Soiila  (as  Glauber's  salt)  is 
to  be  suspected  when  the  salt  readily  effloresces  in 
the  air  ;  on  dissolving  such  a  salt  in  hot  water  the 
sulphate  of  soda,  together  with  sulphate  of  mag« 
nesia,  crystallizes  on  cooling,  and  may  be  detected 
by  the  shape  of  the  crystals.    The  sulphate  of  soda 
is,  however,  detected  with  the  greatest  certainty, 
even  in  small  quantities,  by  drying  a  portion  of  the 
salt,  to  drive  off  the  water  of  crystallization,  then 
finely  powdering,   adding  to  it  half  its  weight  of 
finely -powdered  charcoal  and  exposing  the  mixture 
before  the  blowpipe,  or  in  large  quantities  in  a  small 
covered  crucible  in  a  furnace,  to  a  strong  red  heat. 
A  portion  of  the  mass  when  cool  is  laid  on  a  piece 
of  clean  silver,  and  moistened  with  1  or  2  drops  of 
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water ;  if  this  gives  the  sUyer  a  black  colour  soda  is 
present.  Another  portion  is  supersaturated  in  a 
narrow  cylindrical  glass  with  dilute  sulphuric  acid ; 
if  it  eyolyes  an  odour  of  sulphuretted  hydrogen,  or 
changes  a  piece  of  filtering  paper  saturated  with 
solution  of  acetate  of  lead  of  a  black  colour  when 
held  in  the  empty  part  of  the  glass,  the  presence  of 
soda  is  equally  certain.  When  sulphate  of  magnesia 
containing  sulphate  of  soda  is  heated  with  charcoal 
to  redness,  only  the  latter  Is  reduced,  forming 
sulphuret  of  sodium,  which  in  contact  with  silver 
forms  sulphuret  of  silver,  and  treated  with  dilute 
sulphuric  acid  evolves  sulphuretted  hydrogen,  by 
which  the  acetate  of  lead  is  changed  to  sulphuret. 
Of  course  these  effects  are  produced  if  potash 
instead  of  soda  is  present ;  in  order  to  determine 
whether  potash  is  also  present  the  mass,  after 
heating  to  redness  with  charcoal,  is  treated  with 
alcohol,  filtered,  the  filtrate,  evaporated  to  dryness, 
treated  with  hydrochloric  acid,  and  a  portion  fused 
on  a  platinum  wire  before  the  blo-wpipe;  if  the 
outer  flame  is  of  an  intense  yellow  colour  soda  is 
present.  Alcohol  dissolves  the  sulphurets,  leaving 
the  sulphate  of  magnesia  and  carbon ;  hydrochloric 
acid  converts  the  sulphurets  into  chlorides,  and  these, 
even  if  much  potash  and  but  little  soda  be  present, 
give  before  the  blowpipe  the  reaction  of  the  latter 
metal  only ;  the  remainder  of  the  salt  may  then  be 
tested  for  potash  by  chloride  of  platinum. 

The  method  of  testing  the  sulphate  of  magnesia 
for  sulphate  of  soda,  strongly  recommended  by 
Duflos,  consists  in  triturating  the  salt  with  water 
and  carbonate  of  baryta,  and  testing  the  mass  with 
turmeric  paper,  which  will  be  rendered  brown  only 
if  the  latter  impurity  be  present ;  this  method  will 
bo  found  to  be  inaccurate,  for  pure  sulphate  of 
magnesia  treated  in  the  same  manner  also  acquires 
an  alkaline  reaction.  The  baryta  abstracts  the  acid 
from  the  sulphate  of  magnesia,  forming  insoluble 
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sulphate  of  baryta  and  oaibonate  of  magneaia.   Bat 
the  (neutral)  carbonate  of  magnesia  has  llie  pecu- 
liarity of  separating,  at  the  moment  of  its  Ibrmatioo, 
into  insoluble  basic  carbonate  (the  ordinary  msg- 
nesia  alba),  and  readily-soluble  bioarbonate,  nvhkli 
latter  iHMsesses  a  strongly  alkaline  reactian  i-~ 
6  at.  MgO  +  C0»  and  4  at.  HO,  form 
1  at.  8(BCgO  +  CO,  +  HO)-f  (MgO-fHO),and 
1  at.  MgO +  200,. 


MANGANUM  CHLORATUM. 

Manganeni  Chiotidum^^^Protochhride  of  Mnrngtrnm^ 

Formula:  MnCl  +  4H0. 


Preparation, — In  the  preparation  of  ohlorine  from 
peroxide  of  manganese  and  hydrobhlorie  acid,  the 
chloride  of  manganese  is  obtained  in  snch  conddtf- 
able  quantities  as  to  make  it  seldom  neceasary 
specially  to  prepare  it.  When  it  is  intended  to 
make  use  of  the  residue,  oxide  of  manganeae  as  free 
as  possible  from  carbonates  is  chosen.  But  in  order 
to  obtain  it  quite  pure,  it  is  necessary  to  aubject  it 
to  a  special  treatment.  The  residue  from  the  forma- 
tion  of  chlorine  is  filtered,  diluted  with  water,  and 
I  of  it  precipitated  with  carbonate  of  soda ;  ibe  pre- 
cipitate is  well  washed  by  decantation,  added  to  the 
other  I  of  the  filtrate,  and  digested  for  some  days 
with  a  gentle  heat  in  a  glass  flask.  If  a  filtered 
portion  of  it  now  imparts  a  yiolet  or  blue  colour  to  a 
solution  of  tannin,  another  portion  must  be  precipi- 
tated, and  the  same  treatment  pursued.  When 
tannin  has  no  further  action,  a  small  portion  of  it  is 
rendered  slightly  acid  with  hydrochloric  acid,  and 
sulphuretted  hydrogen  gas  passed  through  it;  if  tlus 
causes  any  precipitate  the  whole  of  the  filtrate  is 
treated  similarly,  the  precipitate  separated  by  filtra- 
tion, and  the  clear  liquid  evaporated  to  crystalliaa- 
tion.   The  crystals  are  dried  between  filtering  i>aper. 


MAKOANVK  OHLOBATUM.  491 

and  kept  in  a  well-dosed. bottle.  The  yery  last 
portion  of  mother  liquor  may  be  thrown  away. 

When  the  chloride  of  manganese  is  required  for  a 
purpose  in  which  a  small  portion  of  lime  or  mag- 
nesia is  of  no  consequence,  the  solution,  after  treating 
with  carbonate  of  manganese,  may  be  at  once  evapo- 
rated to  dryness  in  a  sand  bath. 

BecapUtdation. — ^The  formation  of  chloride  of  man- 
ganese, on  treating  peroxide  with  hydrochloric 
acid,  has  already  been  explained  under  the  article 
**  Chlorvh  Aquosum."  The  purest  manganese 
must  be  chosen,  as  much  of  it  contains  a  consider- 
able amoimt  of  carbonate  o£  lime  which  dissolves 
and  prevents  a  quantity  of  the  manganese  salt 
from  crystallizing.  By  filtering  the  liquor  after 
the  generation  of  the  chlorine,  any  excess  of  per- 
oxide of  manganese  is  removed.  On  precipitating 
a  portion  of  the  liquor  with  carbonate  of  soda,  the 
insoluble  carbonate  of  manganese  is  thrown  down 
(as  a  hydrate)  in  white  flakes,  whilst  the  chloride  of 
sodium  remains  dissolved  : — 

1  at  Mna.,  1  at.  NaO  +  COj,  and  1  at.  HO, 

form 
1  at.  MnO  +  CO2  +  HO,  and  1  at.  NaQ. 

The  latter  is  removed  by  washing.  On  returning 
this  precipitate  to  the  remainder  of  the  manganese 
solution,  the  protoxide  of  manganese  displaces  the 
iron  existing  as  chloride,  (and  allways  found  in 
black  oxides  of  manganese,)  taking  up  its  chlorine 
and  giving  it  oxygen ;  the  chloride  of  manganese 
remains  dissolved,  the  oxide  of  iron  precipitating  as 
a  brown  flocculent  hydrate,  with  which  the  car- 
bonic acid  cannot  combine,  and  therefore  is 
evolved : — 

3  at.  MnO  +  COj  +  HO,  and  1  at.  FcaCl,,  form 
3  at.  MnCl,  1  at.  "Fe^Os  +  3HO,  and  3  at.  COj. 

In  the  same  manner  any  alumina  that  may  be- 
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present  in  the  solution  iniX  be  erolTed.  This  eh»a» 
does  not  take  place  at  once,  but  gradiuilly;  it  is 
effected  more  readily  in  the  warm.  With  tannin  we 
determine  whether  iron  is  present  or  not,  and  this 
reagent  is  the  more  satisfiactory,  oausing  no  change 
in  the  manganese.  When  the  quantity  of  iron  is 
very  considerable,  it  is  necessary  to  subject  the 
solution  to  a  second  treatment  with  carbonate. 
If  it  contain  copper  or  chloride  of  lead,  they  are 
removed  by  the  treatment  with  sulphuretted  hydro- 
gen. By  evaporation  the  purified  solution  is  obtaioed 
crystallized.  After  two  or  three  crystallizations  a 
mother  liquor  remains  containing  the  other  impuri* 
ties,  as  the  chlorides  of  calcium  and  magnesium, 
which  may  be  thrown  away  as  worthless. 
.  Properties. — Chloride  of  manganese  forms  pale  rose- 
coloured  tabular  clear  crystals,  odourless  and  of  a 
bitter  astringent  taste.  In  the  air  they  slowly  attract 
moisture  and  deliquesce.  When  warmed,  they  give 
up  a  portion  of  their  water  of  crystallization  wit^ut 
entirely  fusing  ;  with  a  stronger  heat  the  remainder 
of  the  water  is  given  ofiE^  and  fiie  salt  liquifies ;  if  the 
heat  is  sudden  a  portion  of  the  chlorine  (water  being 
decomposed)  is  given  off  as  hydrochloric  acid. 
When  all  the  water  is  given  off,  the  whole  of  the 
chlorine  at  a  red  heat  is  gradually  evolved,  and 
there  remains  an  oxide  ssMnO  +  MnsOg.  In  the 
decomposition  of  the  water  the  oxygen  passes  to  the 
manganese,  the  remainder  of  the  latter  which  gives 
off  its  chlorine  uncombined  is  oxidized  at  the  ex- 
pense of  the  atmospheric  air.  Water  and  alcohol 
readily  dissolve  this  salt,  forming  neutral  solutions. 
If  it  contains  tron,  the  tannin  will  form  a  violet  or 
blue  turbidness  of  tannate  of  iron.  When  the 
solution  acidified  with  hydrochloric  acid,  gives  a 
black  precipitate  with  sulphuretted  hydrogen  lead 
or  copper  is  present ;  if  lead,  sulphuric  acid  w&  cause 
a  white  precipitate,  and  copper  will  yield  a  bhie 
solution  with  ammonia.     Alumina  is  detected  by' 
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boiling  the  salt  with  excess  of  liquor  potassae,  and 
on  shaking  the  solution  with  sal  ammoniac  will  cause 
a  white  turbidity.  The  potash  throws  down  the 
manganese  and  alumina,  both  as  white  hydrates,, 
but  in  excess  it  again  dissolves  the  alumina,  leaving 
the  hydrated  protoxide  of  manganese,  which  from 
the  oxygen  of  the  air  is  partly  converted  into  a 
brown  hydrated  oxide.  When  sal  ammoniac  is 
added  to  the  filtered  solution  chloride  of  potassium 
is  formed  and  ammonia  evolved,  in  which  alu- 
mina, being  insoluble,  precipitates.  Previously  to 
testing  for  alumina  any  lead  that  is  present  must  be 
thrown  down  with  sulphuretted  hydrogen,  the 
oxide  of  this  metal  being  also  soluble  in  potash 
solution,  and  precipitated  by  sal  ammoniac. 

To  discover  lime  and  magneHa  the  solution  is 
treated  with  excess  of  hydrosulphuret  of  ammonia, 
when  the  manganese  is  thrown  down  as  a  flesh- 
coloured  sulphuret,  the  iron,  copper,  and  lead  as 
black  sulphurets,  and  the  alumina  as  a  white 
hydrate ;  filter,  add  to  the  filtrate  oxalate  of  ammonia 
in  excess,  filter  off  the  oxalate  of  lime,  and  add 
phosphate  of  ammonia,  when  the  magnesia  precipi- 
tates as  fine  white  granular  crystals  ;  {vide  Ammon. 
Chlobat.).  Sulphates  are  tested  for  with  chloride 
of  barium. 


MANGANUM  CARBONICUM. 

Manganesii  Carbonas. — Carbonate  of  Protoxide  of 

Manganese, 

Formula:  MnO  +  COg  +  HO. 

Preparation, — 1  Part  of  crystallized  chloride  of 
manganese  is  dissolved  in  12  parts  of  pure  water, 
and  ia  solution  of  carbonate  of  soda  added  so  long  as 
it  causes  a  precipitate ;  1^  parts  of  crystallized  soda 
vnll  suffice.  The  precipitate  is  collected  on  a  filter, 
exhausted  with  water,  and  cUied  in  a  gentle  heat. 

u  u 
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JRecd^ntulation, — Chloride  of  manganese  and  car- 
bonate of  soda  are  mutually  deeompoeed,  fbrming 
carbonate  of  protoxide  of  manganese  and  chloride  ot 
sodium  : — 

1  at.  Mna  +  4H0,  and  1  at.  NaO  +  CO, 

+  1  OHO,  form 
1  at.  MnO  +  COg  +  HO,  1  at.  NaCl,  and 

13  at.  HO. 

1238  Parts  of  crystallized  chloride  of  manganese 
require  1790  parts  of  crystallized  carbonate  of  soda. 
The  precipitate  at  first  a  pure  white  becomes  during 
its  exhaustion  with  water,  and  still  more  on  drying, 
of  a  yellowish-gray  colour,  from  the  action  of  the 
atmospheric  oxygen  which  forms  with  it  a  higher 
oxide  ;  in  a  quantitatiye  point  of  view  this  change  is 
so  inconsiderable  as  to  equal  scarcely  ^  of  the 
preparation. 

Properties, — ^The  carbonate  of  manganese  freshly 
precipitated  is  a  snow-white  powder,  but  that  which 
has  been  dried  in  the  air  has  a  grayish-yellow  tint, 
and  contains  about  ^  j^^  of  its  wei^t  of  oxide  of  man- 
ganese. It  has  neither  taste  nor  odour.  When 
heated  it  gives  off  water  and  carbonic  acid,  leaving 
pure  protoxide  of  manganese,  that  is,  if  the  air  be 
entirely  excluded,  otherwise  by  attracting  oxygen 
the  protoxide  becomes  conyerted  into  a  olackish- 
brown  sesquioxide : — 

3  at.  MnO,  and  1  at.  O,  form 
1  at.  MnO  +  MujOs. 

The  residue  on  heating  may  by  the  admission  of  the 
air  be  conyerted  into  a  compound,  resembling 
minium  in  composition,  of  2  at.  protoxide  and  1  at. 
peroxide  of  manganese  »  2MnO  +  Mn02 :  which  like 
minium  is  separated  by  nitric  acid  into  soluble  pro- 
toxide and  insoluble  peroxide.  Water  has  no 
action  on  proto-carbonate  of  manganese;  acetic  add 
dissolves  it  in  the  heat  to  a  pale  rose-coloured  solu- 
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tion,  carbonic  acid  being  evolved  ,and  the  brownisli- 
black  oxide  of  manganese*  forming  a  residue.  Nitric 
and  hydrochloric  acids  dissolve  it  entirely  in  the  cold; 
with  the  latter  a  little  free  chlorine  is  eliminated  oa 
account  oi  a  small  quantity  of  oxide  present : — 

1  at.  MujOs,  and  3  at.  HCl,  form 

2  at.  MnCl,  3  at.  HO,  and  1  at.  CL 

Other  impurities  as  iron,  copper,  lecui,  alumina,  lime, 
^,,  are  to  be  detected  in  the  solution  of  the  neutral 
chloride  as  with  the  previous  one. 


MORPHINUM  PURUM. 

Pure  Morphine  or  Morphium, 

+ 
FoaMTTLA :  CaiHigNOe  +  2H0  ^  Mo  +  2H0. 

Preparation, — ^After  trying  several  of  the  methods 
which  appeared  to  me  most  advantageous,  I  can  re- 
commend that  of  Mohr's  as  the  best,  according  to 
my  experience.  20  Farts  of  good  (so-called 
Smyrna)  opium  is  cut  into  slices  and  boiled,  in  a 
copper  or  leaden  vessel,  with  60  parts  of  water, 
being  constantly  stirred  with  a  wooden  spatula,  for 
^  an  hour,  or  \mtil  all  the  slices  are  entirely 
softened,  strain  through  a  pointed  bag  of  rather 
coarse  linen,  press  the  residue,  and  treat  it  twice 
with  fresh  water  in  the  same  way.  The  strained 
liquor  is  evaporated  in  the  same  vessel  to  half  its 
bulk;  40  parts  of  water,  containing  6  parts  of 
hydrate  of  lime,  are  then  heated  to  boiling,  and  the 
condensed  liquid  gradually  added  to  it ;  the  whole 
is  then  boiled  for  a  quarter  of  an  hour,  strained, 
pressed,  and  the  residue  twice  boiled,  each  time 

*  Its  entire  solubility  in  nitric  acid  denotes  that  this  is  really 
an  oxide  (hydrated  oxide),  and  not  a  mixture  of  proto-  and 
peroxides. 
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with  50  parts  of  water.  The  mixed  hvada  con- 
taining lime  are  concentrated  to  40  parts  and 
filtered.  The  filtrate  is  heated  in  a  porcelain  dish 
to  boiling,  2  parts  of  muriate  of  MnnnniOTift  are 
added,  and  the  whole  allowed  to  stand  in  a  warm 
place,  with  frequent  stirring,  one  hour,  or  until  an 
CTident  eyolution  of  ammonia  takes  place,  then 
removed  to  a  cold  one.  After  standing  eight  days 
the  brown  crystalline  precipitate  that  has  separated 
is  collected  on  a  strainer,  the  liquid  which  passes 
o£f  evaporated  to  hall^  and  this  again  allowed  to 
stand  eight  days  in  a  cool  place,  strained,  pressed, 
the  mother  liquor  thrown  away,  and  the  two  resi- 
dues mixed.  To  the  two  precipitates,  after  washing 
them  with  cold  water,  so  mucm  water  is  add^  that 
the  whole  weighs  about  20  parts,  then  add  pure 
hydrochloric  acid  iintil  the  liquid  acquires  a  feebly 
acid  reaction ;  it  is  now  heated  to  boiling,  filtered 
whilst  hot,  and  evaporated  to  a  small  bulk.  After 
it  has  stood  some  days,  the  crystalline  mass  which 
forms  is  collected  on  linen,  strongly  pressed,  again 
evaporated  and  strained:  this  last  black  mother 
liquor  may  be  kept  for  mixing  with  the  opium  at 
another  preparation  of  morphine.  The  crystallized 
and  dried  mass  is  dissolved  in  four  times  its  weight 
of  boiling  water,  and  the  solution  added  to  a  boil- 
ing mixture  of  3  parts  hydrate  of  lime  and  24  parts 
water ;  the  straining,  washing,  treating  with  sal 
ammoniac  (1^  parts)  and  hydrochloric  acid  are  re- 
peated as  before,  the  precipitate  dissolyed  in  30 
times  its  weight  of  hot  water,  and  the  solution,  if 
coloured,  treated  with  freshly  heated  wood  charcoal ; 
when  cold  it  is  precipitated  vdth  ammonia,  of  which 
too  large  an  excess  must  be  ayoided.  The  precipi- 
tated white  crystalline  needles  are  collected  on  a 
filter,  rinsed  with  cold  water,  and  dried  vdth  a 
gentle  heat.  The  product  will  be  ^  or  -^  of  the 
weight  of  opium  used. 
The  precipitate  which  ammonia  causes  in  the  pre- 
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paration  of  meconic  acid  is  dissolyed  in  dilute  hy- 
drochloric acid,  and  treated  exactly  like  the  watery 
solution  of  opium. 

BecapituUition, — ^The  morphine  (together  with  the 
small  quantities  of  narcotine,  codeine,  thebaine, 
&c.)  are  combined  in  opium  with  meconic  (and  sul- 
phuric) acid.  Water  dissolves  the  salts  of  mor- 
phine, codeine,  thebaine,  and  (the  greater  portion  of) 
narcotine ;  the  codeine  and  thebaine,  on  account  of 
the  little  contained,  can  only  be  isolated  when 
operating  on  large  quantities  of  opium.  When  the 
watery  solution  comes  in  contact  with  the  boUing 
milk  of  lime,  the  acids  pass  to  the  lime,  forming 
meconate  and  sulphate  of  lime,  the  alkaloids  preci- 
pitate, but  the  morphine  redissolves  in  the  lime 
water,  the  others  remaining  in  the  residue,  from 
which  narcotine,  codeine,  and  thebaine  may  be  ex- 
tracted with  alcohol  or  ether.  For  convenience' 
sake  the  lime  solution  is  evaporated,  and  during 
this  process,  from  the  access  of  the  carbonic  acid  in 
the  atmosphere,  a  portion  of  the  lime  precipitates 
as  carbonate,  and  with  it  the  morphine  that  it  had 
previously  held  in  solution,  this  is  only  trifling,  yet 
quite  sufHcient  to  repay  (when  a  good  quantity  has 
been  collected)  for  its  exhaustion  with  alcohol. 
When  sal  ammoniac  is  added  to  the  condensed  and 
filtered  solution,  both  compounds  are  decomposed ; 
the  oxygen  of  the  lime  forms  water  with  one  atom 
of  hydrogen  of  the  ammonium,  the  calcium  com- 
bining with  the  chlorine,  ammonia  is  evolved,  and 
the  morphine,  robbed  of  its  solvent,  precipitates  with 
some  colouring  matter.  In  order  to  ensure  entire  de< 
composition  heat  must  be  employed,  and  afterwards 
the  whole  is  allowed  quietly  to  rest  for  several  days. 
The  mother  liquor,  when  further  evaporated,  yields 
a  little  more  morphine.  The  quantity  of  sal  am- 
moniac mentioned  is  more  than  sufficient  to  throw 
down  all  the  morphine,  but  the  excess  is  of  no  ill 
consequence,  and  insures  entire  precipitation.     Iq 

u  u  2 
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order  to  purify  this  morphine  foriher  from  ooloozing' 
matter,  it  must  be  combined  with  some  acid  with 
which  it  forms  a  readily-crystallizable  and  not  very 
soluble  salt ;  for  this  purpose  hydrochloric  answers 
best.  Most  of  the  colouring  matter,  with  a  little 
hydrochlorate  of  morphine,  remains  in  the  mother 
liquor,  and  what  still  adheres  to  the  salt  will  be  en* 
tirely  removed  by  the  second  treatment  vnth  lime, 
etc.  The  miiriate  of  morphine  obtained  the  second 
time  forms  with  water,  only  a  slightly  coloured  so* 
lution,  which  is  rendered  perfectly  colourless  by 
shaking  with  freshly-prepared  charcoal,  and  on  the 
addition  of  caustic  ammonia  precipitates  as  fine 
white  needles,  of  a  silfcy  lustre.  An  excess  of  am- 
monia is  to  be  avoided,  as  the  morphine  will  be  re- 
dissolved  by  it.  If  wished  for  in  large  or3rstals,  it 
is  dissolved  in  strong  alcohol,  and  the  solution 
slowly  evaporated.  It  is  sometimes  possible  to  de- 
colourize the  first  muriate  of  morphine  entirely  with 
charcoal,  and  thus  render  the  treatment  with  lime 
imnecessary :  it  is  well  to  try  this  with  a  small 
portion  first. 

The  precipitate  obtained  by  evaporating  the  mor- 
phine and  lime  solution  (ytde  supra)  is  dried,  ex- 
hausted with  strong  alcohol,  the  solution  concen* 
trated,  taken  up  with  hydrochloric  acid,  and  the 
salt  either  purified  alone  or  used  up  with  a  fresh 
precipitate  from  opium. 

Properties. — Pure  morphine  forms  fine  white  needles, 
of  a  sUky  lustre,  and,  if  obtained  from  an  alcoholic 
solution,  by  slow  evaporation,  in  tolerably  large, 
colourless,  semi-transparent,  four-sided  prisms.  It  is 
odourless  and  tastes  slightly  bitter.  It  iindergoes  no 
change  in  the  atmosphere.  Carefully  heated  it  gives  off 
water,  fusing  to  a  yellow  liquid,  which  still  more 
strongly  heated  decomposes,  burning  and  leaving  a 
carbonaceous  residue,  which  heated  long  enough 
must  be  entirely  consumed.  Water  dissolves  but  a 
trace  of  morphine  (about  ijj^,  but  acquires  a  bittar 
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taste  from  it.    Alcohol  of  80  per  ct.  dissolves,  at 
the  ordinarj  temperature,  ^,  boiling  ^  its  weight  of 
morphine ;  the  solution  has  a  positive  alkaline  re- 
action.     In  ether  it  is  insoluble.     Dilute  acetic, 
hydrochloric,  nitric,  and  sulphuric  acids  dissolve  it 
with  the  greatest  readiness,  and  are  neutralized  by 
it  entirely ;  their  solutions,  as  well  as  the  alcoholic, 
have  an  intensely  bitter  taste.    Tincture  of  galls 
gives,  with  neutral  solutions,  a  dirty  white  turbid- 
ness ;  the  slightest  excess  of  acid  dissolves  the  pre- 
cipitate (tannate  of  morphine).    Fersalts  of  iron 
give,  with  salts  of  morphine,  a  deep  blue  colour 
which  is  dissipated  by  heating.    The  reason  of  this 
behaviour  has  not  been  explained,  nor  has  that  with 
solution  of  iodic  acid,  from  which,  when  rubbed 
with  morphine,  the  iodine  is  liberated.    Solution  of 
caustic  potash  or  soda,  as  well  as  caustic  baryta, 
strontia,  and  lime  readily  dissolve  morphine.    This 
property  of  morphine  allows  its  purity  to  be  readily 
judged  of.    1^  on  shaking  with  ether  and  evaporat- 
ing, a  crystallhie  residue  is  left,  it  is  contaminated 
with  narcotine ;  and  this  base  is  also  present  if  an 
acid  solution  of  morphia  is  rendered  turbid  by  tinc- 
ture of  galls,  as  well  as  if  a  portion  insoluble  in 
caustic  potash    solution  dissolves   in   alcohol   and 
ether.     When  alcohol  does  not  entirely  dissolve  the 
preparation,  the  residue  is  generally  a  mineral  sub- 
stance, phosphate  of  limCf  gypsum,  carbonate  of  limef 
&c. ;  if  it  gives,  on  burning,  an  empyreumatic  odour, 
it  probably  contains  some  vegetable  powder.    The 
nitric  acid  or  dilute  acetic  acid  solution  must  give 
no  precipitate  with  nitrate  of  silver,  nitrate  of  baryta, 
oxEiIate   of  ammonia,   or  phosphate   of   ammonia, 
which  denote  the  presence  of  hydrochloric  and  sul^ 
phuric  acids,   lime,    and   magnesia.      If  oxalate   of 
ammonia  gives  a  precipitate  it  must  be  removed 
previously  to  testing  for  magnesia. 
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MORPHINUM  ACETICUM. 

+ 
Fobmula:  Mo  +  A  +  6HO. 

TrepaitaJtion, — 2  Parts  of  pure  MoipHine  are  inti- 
mately mixed  with  2  parts  of  water  in  a  mortar, 
warmed  in  a  sand  bath,  and  concentrated  acetic  acid 
added  to  it  until  dissolved ;  1  part  of  add,  spec, 
gray.  1*045,  will  be  sxiJBB.cient.  The  solution  is  poured 
on  a  shallow  porcelain  plate,  and  dried  at  a  temper- 
ature not  exceeding  120  Fah.,  powdered  and  pre- 
served in  a  closed  yessel  in  a  cool  place.  The  yield 
will  be  about  \  more  than  the  weight  of  the  morphine 
employed. 

BecapUtUation. — ^Morphine  is  readily  dissolved  and 
neutralized  by  acetic  acid  :— 

1  at.  CoiHigNOe  +  2H0,  1  at.  C^HsO,,  and  4  at. 
jH0,J6rm 

1  at.  Mo  +  A  +  «HO. 

3775  Farts  of  crystallized  morphine  require  638 
parts  of  anhydrous,  or  1772  parts  of  acetic  acid, 
spec,  grav,  1*046,  («64  per  ct.  water).  The  salt 
crystallizes  with  difficulty,  the  solution  is  therefore 
evaporated  to  dryness,  which,  to  avoid  decomposi- 
tion (the  volatilization  of  any  of  the  constitutional 
acid  of  the  salt)  must  be  done  at  a  moderate  tem- 
perature. 

Properties, — ^Acetate  of  morphine  fcams  a  white,  or 
nearly  white,  fine  crystalline  powder,  which  has  a 
feeble  smell  of  acetic  acid,  and  bitter  taste.  It  is 
tmalterable  in  the  air  at  tiie  ordinary  temperature. 
Gently  heated  it  loses  a  portion  of  its  acid,  heated 
more  strongly  it  fuses,  decomposes,  and  bums  v^ith- 
out  residue.  It  is  soluble  in  17  parts  of  cold  and 
equal  parts  of  hot  water ;  by  cold  alcohol  of  80  per 
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ct.,  only  ^  is  taken  up,  but  boiling  alcohol  dissolves 
as  much  as  boiling  water;  the  solutions  have  a 
feeble  acid  reaction.  If  water  leaves  a  residue,  readily 
soluble  in  alcohol,  the  salt  has  lost  a  portion  of  its 
acid.  To  test  for  impurities  and  adulteration, 
refer  to  the  proceeding  article. 


MORPHINUM  MURIATICUM. 

Hydrochlorate  of  Morphine, 

+ 
Fobmula:  M0  +  HCI+6HO. 

Preparation, — ^The  hydrochlorate  of  morphine  may 
be  obtained  in  making  the  pure  morphine.  To  pre>- 
pare  it  from  pure  morphine,  2  parts  of  the  latter  are 
rubbed  in  a  porcelain  dish  with  6  parts  of  water, 
heated  to  boiiinf,  and  pure  hydrochloric  acid  added 
until  entirely  dissolved  (1  part  of  acid,  spec.  grav. 
1*130,  will  suffice),  and  allowed  to  cool.  After 
standing  a  day,  the  crystals  which  form  are  sepa- 
rated from  the  supernatant  liquid,  which  is  evapo- 
rated to  further  crystallization.  The  salt  is  spread 
out  and  dried  on  filtering  paper.  Its  weight  should 
be  2^  parts. 

Recapitulation. — As  under  Acetate  of  Morphine. 
3775  Parts  of  crystallized  morphine  require  455  parts 
of  anhydrous,  or  1750  parts  of  hydrochloric  acid,  of 
spec.  grav.  1*130  (=74  per  ct.  water).  As  the  salt 
is  somewhat  difficultly  soluble  in  cold  water,  a  large 
portion  of  it  may  be  at  once  separated  when  but 
little  hot  water  is  employed  to  dissolve  it. 

Properties, — Hydrochlorate  of  morphine  forms 
white  feathery,  indistinct,  crystalline  needles,  odour- 
less, and  of  a  strongly  bitter  taste.  It  is  unalter- 
able in  the  air ;  heated  it  fuses,  loses  its  water,  de- 
composes, and  bums  without  residue.  1  Part  of 
the  salt  is  soluble  in  22  parts  of  water  at  the  ordi- 
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nary  temperature,  and  in  leas  than  ita  ireiglit  of 
boiling  water ;  nevertheleaa,  alcohol  of  80  per  et. 
dissolyes  only  ^  cold,  and  -{^  ita  weight  when  hot ; 
the  solutiona  have  a  neutral  reaction.  The  testa  lor 
impurities,  &c.,  are  as  under  MosPHnnxM  Pukum. 


MOBPHINUM  SULPHUMCUM. 

SuipheUe  of  Morphine, 

+ 
PoBMTJUL :  Mo  +  SO3  +  6H0. 

Prepared  as  the  preceding.  8776  Parts  of  Mor- 
phine require  613  parts  of  hydrated  sulphuric  acid, 
or  3678  parts  of  dilute  acid  containing  j  of  the 
mono-hydrated  add.  In  its  properties  it  most 
nearly  resembles  the  hydrochlorate,  out  dissolTSS  in 
water  and  alcohol  very  readily. 


NATRIUM. 

Sodium, 

Formula:  Na. 


Pr^KirtUion, — 2  Parts  of  crystallized  caroonate  of 
soda  are  dissolved  in  a  capacious  iron  pot,  in  2  parts 
of  hot  water,  and  powdered  tartaric  acid  added  so  long 
as  efifervesence  is  caused  by  it;  (one  part  will  suffice). 
It  is  then  evaporated  to  dryness,  and  the  dried  salt 
carbonized  in  a  covered  iron  crucible.  20  Parts  of  the 
charred  salt  are  well  mixed  with  3  parts  of  finely- 
powdered  and  6  parts  of  coarsely-powdered  wood 
charcoal,  placed  in  a  wrought-iron  mercury  bottle, 
and  the  same  process  followed  as  given  under  the 
article  Kalivm.  20  Parts  of  the  charred  soda  salt 
yield  from  3  to  4  parts  sodium. 

Recapitukaion, — By  saturating  carbonate  of  soda 
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with  tartaric  acid,  carbonic  acid  is  given  off,  and 
neutral  tartrate  of  soda  formed  : — 

1  at.  NaO  +  CO2  +  lOHO,  and  1  at.  T  +  HO,  form 
1  at.  NaO  +  T,  1  at.  COa,  and  11  at.  HO. 

1790  Farts  of  crystallized  carbonate  of  soda 
require  938  parts  of  crystallized  tartaric  acid.  By 
heating  to  low  redness,  we  obtain,  similarly  to  tar- 
trate of  potash,  an  intimate  mixture  of  carbonate  of 
soda  and  carbon.  The  acetate  of  soda  is  generally 
used,  but  I  prefer  the  tartrate,  as  yielding  a  product 
richer  in  carbon.  On  account  of  the  greater  fusi- 
bility of  the  carbonate  of  soda,  more  charcoal  is 
mixed  with  it  than  with  the  carbonate  of  potash. 
The  process  of  the  reduction  of  the  sodium  agrees 
in  every  respect  with  that  of  potassium. 

Properties,, — Sodium  is  met  with  in  soft  globules 
of  a  silvery  whiteness,  otherwise  resembling  potas- 
sium in  external  appearance,  having  a  spec.  grav. 
0*96,  and  fusing  at  190^  Fah.  In  the  air  it  is  not  so 
readily  oxidized  as  the  potassium,  but  cold  water  is 
decomposed  by  it  with  greater  violence,  yet  without 
inflaming ;  which  only  occurs  when  warmed.  The 
colour  of  the  flame  is  a  deep  yellow.  In  coal  or 
mineral  naptha  it  preserves  its  metcdlic  lustre  longer 
than  potassium  (j}ide  EIalium). 


NATRIUM  CHLORATUM  DEFURATUM. 

Sodii  Chlaridum, — Purified  Chloride  of  Sodium, 

FoBMULA :  NaCl. 

Preparation, — 80  Farts  of  commercial  (common) 
salt  are  dissolved  in  a  glass  or  porcelain  dish  with 
180  parts  of  water,  and  1  part  of  hydrate  of  lime 
added ;  the  whole  is  allowed  to  remain,  with  fre- 
quent stirring,  few  one  week,  at  the  ordinary  tem- 
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perature,  and,  when  filtered,  the  filtrate  ia  treated 
with  solution  of  chloride  of  barium  aa  long  as 
necessaxy  (about  2  parts  will  be  required),  filtoed, 
when  the  precipitate  has  thoroughly  subsided,  and 
crystallized  carbonate  of  soda  (3  to  3^  parts)  added 
to  the  clear  liquid.  After  the  precipitate  has  de- 
posited, it  is  fQtered,  the  clear  liquid  neutralised 
with  pure  hydrochloric  acid,  and  evaporated  to  dry- 
ness in  a  porcelain  dish.  The  salt  will  equal  70  to 
75  parts,  it  must  be  kept  in  a  closed  bottle. 

Becapitulatum, — ^The  most  common  impurities  in 
commercial  chloride  of  sodium  are: — ^iron  (as 
chloride),  magnesia  (as  chloride  of  magnesium), 
lime  (as  chloride  of  calcium),  and  sulphiuric  acid,  as 
sulphate  of  soda.  By  crystallization,  these  are  but 
imperiectly  separated,  the  chloride  of  sodium,  like 
nitre,  having  the  property  of  enclosing  a  portion  of 
the  moti^er  liquor  in  their  interstices.  The  method 
of  purification  above  described,  insures  the  removal 
of  all  impurities  without  the  fear  of  any  additional 
ones.  The  lime  being  a  stronger  base,  throws  down 
the  iron  and  magnesia,  exchanging  with  them  its 
oxygen  for  chlorine,  and  forming  a  readily  soluble 
chloride  of  calcium ;  in  order  to  insure  their  entire 
decomposition,  the  lime  must  be  in  excess,  which 
gives  the  solution  a  strong  alkaline  reaction.  The 
sulphuric  acid  is  then  precipitated  by  chloride  of 
barium,  and  the  -sulphate  of  baryta  is  allowed 
thoroughly  to  precipitate,  otherwise  it  would  pass 
through  the  filter.  The  lime  and  excess  of  chloride 
of  barium,  are  thrown  down  as  insoluble  carbonates 
by  carbonate  of  soda ;  this  precipitate  must  not  be 
filtered  ofif  for  several  days,  by  which  time  it  is 
entirely  deposited;  and  yields  a  clear  filtrate.  The 
excess  of  carbonate  of  soda  is  converted  by  the 
hydrochloric  acid  into  chloride  of  sodium,  and  any 
excess  of  the  acid  is  volatilized  during  the  evapora- 
tion to  dryness. 

Carbonate  of  ammonia  is  sometimes  substituted 
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for  the  carbonate  of  soda,  to  throw  down  the  Ume 
and  baryta ;  it  possesses,  howeyer,  two  eirils ;  the 
latter  base  is  not  so  thoroughly  precipitated  by  it  as 
by  carbonate  of  soda,  for  the  sal  ammoniac  formed 
duMolves  a  small  portion  of  the  precipitate ;  and  se- 
condly it  is  necessary  to  heat  the  salt  to  redness  to 
remove  the  sal  ammoniac. 

Propertiet, — Salt  thus  purified  forms  a  snow- 
white  crystalline  powder  consisting  of  exceedingly 
fine  cubes,  odourless,  and  having  a  peculiar  saline 
taste.  It  undergoes  no  change  in  the  air ;  at  a  red 
heat  it  fuses  and  gradually  volatilizes  without  de- 
composition. Water  of  all  temperatures  between 
the  freezing  and  boiling  dissolves  it  equally ;  1  part 
of  water  dissolves  0*37  parts  or  1  part  is  soluble  in 
2*7  of  water,  the  solution  has  a  neutral  reaction, 
cold  alcohol  of  80  per  ct.  dissolves  ^  boiling,  ^  of 
salt.  If  it  absorbs  moisture  firom  the  air,  it  contains 
deliquescent  salts  as  chloride  of  calcium  or  magnesium, 
A  turbidneas  caused  in  the  aqueous  solution  by  ox- 
alate of  ammonia  indicates  lime,  and  if  on  the  sepa- 
ration of  this  precipitate,  phosphate  of  ammonia 
instantly  or  after  some  little  time  gives  another  pre- 
cipitate it  is  from  magnesia  (vide  Ammox.  Chlo&Ai- 
tum).  Tannin  or  ferrocyanide  of  potassium  gives  it, 
if  iron  be  present,  a  violet  or  dark  blue  colour ;  and 
chloride  of  barium  a  white  precipitate,  should  it 
contain  sulphuric  acid. 


NATRIUM  OXIDATUM  LIQUIDUM. 

Liquor  Soda, — Solution  of  Caustic  Soda, 

FoRMiTLA  :  NaO  +  xHO. 

Preparation, — 2  Parts  of  crystallized  carbonate  of 
soda  are  dissolved  in  a  silver  or  dear  iron  vessel 
with  16  parts  of  boiling  water;  and,  COXlstantly 
stirring  mth  a  bright  iron  or  silver  spatula ;  1  part 
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of  hydrate  of  lime  is  added,  then  boiled  for  ^  of 
an  hour  and  filtering,  a  small  filtered  portion  is 
tested  with  dilute  sulphuric  add ;  should  this  cause 
the  formation  of  a  gas  bubble  lime  must  still  be 
added.    If  the  two  mix  quietly  as  is  generally  the 
case,  the  liquid  and  residue  are  both  thrown  on  a 
conical  strainer  suspended  in  a  conyenient  jar,  and 
the  liquid  returned  to  the  filter  until  it  passes  off 
dear ;  it  must  then  be  preserved  in  a  glass  stop- 
pored  bottle.    The  mass  remaining  in  me  strainer 
is  then  returned  to  the  iron  pot,  diluted  with  12 
parts  of  water,  warmed  and  again  strained.    The 
iron  pot  is  now  cleaned,  the  first  portion  of  the 
liquor  returned  to  it  and  boiled,  the  second  being 
added  as  fast  as  it  strains ;    the  whole  must  be 
boiled  as  rapidly  as  possible  until  a  small  portion 
withdrawn  from  it  and  cooled  possesses  a  spec.  gray. 
1*333.    The  pot  is  now  removed  from  the  fire,  the 
contents  still  warm  are  poured  into  a  glass  stop- 
pered bottle,  the  spec.  gray,  again  taken  and  if 
necessary  reduced  with  water  to  1*333«    The  pro- 
duct will  be  1§  parts. 

To  obtain  dry  caustic  soda  proceed  as  with  caus- 
tic potash. 

Recapitulation, — Carbonate  of  soda  yidds  its  add 
to  the  lime,  which  becomes  converted  into  insoluble 
carbonate  of  lime : — 

1  at.  NaO  +  CO2  and  1  at.  GaO,  form 
1  at.  NaO  and  1  at  CaO  +  CO,. 

1790  Parts  of  crystallized  carbonate  of  soda  (which 
contains  10  at.  water)  require  463  parts  of  hydrate 
of  lime  ;  but  for  the  reasons  detailed  under  tiie  ar- 
tide  Kalixtm  Oxyd.  Hydbat.  more  lime  must  be 
taken  ;  the  other  explanations  are  the  same  in  both 
artides. 

JTopertiet, — Caustic  solution  of  soda  of  spec, 
grav.  1*333  contains  24  per  ct.  soda,  and  76  per  ct. 
or  11  at.  water.    In  its  physical  and  chemicd  reU- 
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tions  it  agrees  with  caustic  potash,  so  nearly,  that  it 
is  needless  to  recapitulate  them.  It  is,  howeyer, 
free  from  turbidness  on  the  addition  of  tartaric  acid 
in  excess,  which  causes  a  precipitate  with  potash. 


NATRIUM  OXIDATUM  ACETICUM. 

Soda  Acetas, — Acetate  of  Soda, 
Pobmttla:  NaO  +  A  +  6HO. 

Preparation, — (a)  With  Acetic  acid,  A  convenient 
quantity  of  pure  acetic  acid  is  poured  into  a  beaker 
glass,  and,  constantly  stirring,  powdered  crystals  of 
carbonate  of  soda  added  as  long  as  it  causes  an 
effervescence,  or  until  the  acid  reaction  is  removed. 
To  1  part  of  acid  spec.  grav.  1*045,  about  1  part  of 
soda  will  be  requisite.  The  acid  reaction  is  now 
restored  by  a  little  acetic  acid,  the  solution  filtered 
if  necessary,  evaporated  to  half  and  placed  in  a  co(d 
spot  to  crystallize.  The  crystals  which  separate  are 
after  some  days  thrown  on  a  filter,  the  mother  liquor 
is  treated  wiih.  a  little  acetic  acid,  if  it  has  lost  its 
acid  reaction,  again  evaporated,  and  this  repeated  as 
long  as  crystals  form.  The  whole  of  the  salt  is 
spread  out  on  filtering  paper  and  dried  at  the  ordi- 
nary temperature  or  with  a  very  gentle  heat ;  and 
must  be  kept  in  a  cool  place.  The  yield  will  be  2  the 
weight  of  the  soda  employed. 

(6)  With  Acetate  of  Lead,  A  solution  of  1  part  of 
acetate  of  lead  in  6  parts  of  distilled  water  is  pre- 
cipitated with  1  part  of  carbonate  of  soda  in  3  parts 
of  water  (for  4  parts  of  acetate  of  lead  about  3  parts 
of  carbonate  of  soda) ;  after  subsiding,  it  is  filtered, 
the  precipitate  washed  with  water,  the  filtrate 
treated  with  a  little  sulphuretted  hydrogen,  suffi- 
cient to  make  the  odour  of  this  gas  perceptible, 
evaporated  to  about  the  weight  of  the  sugar  of  lead 
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employed,  supersaturated  with  aoetie  add  and  al- 
lowed to  crystallise.  From  4  parts  of  acetate  of 
lead  about  2^  parts  of  acetate  of  soda  are  obtained. 
JRecapituiation, — (a)  Acetic  acid  driyea  off  the 
carbonic  acid  and  forms  with  the  soda  acetate  of 
soda : — 

1  at.  NaO  +  COg  and  1  at.  A,  form 
1  at.  NaO  +  A  and  1  at.  Co,. 

1772  Farts  of  acetic  acid,  spec.  gray.  1*045  (con- 
taining 36  per  ct.  pure  acid)  are  saturated  by  1790 
parts  of  carbonate  of  soda. 

To  save  fuel  the  strongest  commercial  acid 
should  be  employed.  The  salt  dried  in  the  warm  is 
anhydrous. 

(b)  Sugar  of  lead  (neutral  acetate  of  lead^  and 
carbonate  of  soda  become  mutually  oonyertea  into 
insoluble  carbonate  of  lead  and  readily  soluble  ace- 
tate of  soda : — 

1  at.  PbO  +  A  +  3H0  and  1  at.  NaO  +  CO3  +  lOHO, 

form 
1  at.  PbO  +  CO2,  1  at.  NaO  +  X,  and  18  at.  HO. 

2370  Parts  of  sugar  of  lead  require  1790  parts  of 
crystallized  carbonate  of  soda  entiraly  to  decompose 
them ;  but  a  slight  excess  of  the  latter  is  necessary 
to  insure  that  sSi  the  lead  salt  is  decomposed.  To 
remove  the  last  traces  of  lead  remaining  in  the  solu- 
tion, sulphuretted  hydrogen  is  passed  through  it, 
and  to  neutralize  the  free  soda  acetic  acid  is  added. 
The  precipitate  is  saved  as  carbonate  of  lead. 

Properties. — Acetate  of  soda  crystallizes  in  tolera- 
bly large  fluted  oblique  rhombic  prisms,  which  have 
a  faint  odour  of  acetic  acid  and  a  pimgent  saline 
taste.  In  the  air,  and  still  more  readily  in  warm 
air,  it  effloresces,  giving  off  water.  Heated  more 
strongly  it  fuses  ui  its  water  of  crystallization,  then 
solidifies,  again  fuses  and  finally  gives  off  its  acetic 
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acid  like  acetate  of  potash.  1  Part  of  the  salt  dis- 
solves in  2^  parts  of  water  at  the  ordinary  tempera- 
ture, whilst  its  own  weight  of  boiling  water  is  suffi- 
cient ;  in  alcohol  it  is  readily  soluble.  The  solu- 
tions must  possess  a  neutral  or  only  feeble  acid  re- 
action. The  adulterations  and  impurities  are  such 
as  are  noticed  under  acetate  of  potash. 


NATRIUM  OXIDATUM  BICARBONICUM. 

Soda  Bicarbonas, — Bicarbonctte  of  Soda, 
Formula  :  (NaO  +  COg)  +  (HO  +  COg.) 

Preparation, — Carbonate  of  soda  is  formed  in  the 
same  manner  as  bicarbonate  of  potash ;  but  being 
generally  required  in  the  state  of  powder  it  is  more 
advantageous  to  prepare  it  by  the  dry  method.  The 
crystallized  soda  (containing  10  at.  of  water)  is  not 
applicable  for  this  purpose,  for  on  its  conversion 
into  bicarbonate  (which  contains  only  1  at.  water) 
the  whole  mass  becomes  dissolved  by  the  9  at.  of 
water  in  excess.  For  this  purpose  carbonate  of 
soda  which  has  effloresced  in  the  air  without  heat 
being  applied,  is,  on  account  of  its  lightness  and 
porosity,  to  be  preferred ;  it  generally  contains  3  at. 
of  water. 

If  the  opportunity  occurs  of  employing  carbonic 
acid  from  fermenting  liquids,  the  effloresced  soda  is 
placed  about  2  inches  deep  on  a  linen  strainer  near 
the  vessels,  and  the  process  conducted  as  under  Ka- 

LITTM  OXIDAT.  BieARBON. 

The  apparatus  employed  in  the  preparation  just 
mentioned  is  also  applicable  in  the  present  one.  In 
this  case  the  limb  of  the  tube  (c)  which  dips  into 
the  bottle  (/)  is  as  wide  as  possible,  the  end  covered 
with  a  piece  of  linen  and  conducted  nearly  to  the 
bottom  of  the  bottle  ;  through  the  other  opening  of 
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the  bottle,  which  is  afterwards  closed  with  a  blad- 
der, sufficient  effloresced  soda  is  poured  nearly  to 
fill  it,  the  carbonic  acid  is  then  generated ,  fto.,  &c. 

Whichever  way  it  is  prepared  the  saline  mass  is 
nibbed  to  a  fine  powder,  and  spread  out  in  the  air 
until  it  appears  quite  dry ;  it  should  be  kept  in 
closed  yess^. 

If  the  soda  employed  contains  other  salts  (gene- 
rally chloride  of  sodium  or  sulphate  of  soda)  die  bi- 
carbonate is  of  course  not  free  from  them  ;  it  may 
however  be  freed  from  them  with  trifling  loss  by 
simply  washing  with  cold  water.  The  process  is  the 
same  as  that  gi-ven  imder  Kali  Nitb.  The  salt  is 
powdered  as  finely  as  possible,  )  its  weight  of  pure 
water  added,  the  paste  thrown  into  the  apparatus 
and  water  grad\ially  added  as  long  as  the  liquid  which 
escapes  gives,  when  neutralized  with  nitric  acid,  a 
precipitate  on  the  addition  of  nitrate  of  baryta  or 
silver.  The  pasty  maSs  spread  on  a  shallow  dish  is 
dried  in  the  air.  Commercial  bicarbonate  can  be 
similarly  purified  and  any  simple  carbonate  it  may 
contain  will  at  the  same  time  be  removed. 

RecapittUcUian, — As  under  bicarbonate  of  potash. 
The  effloresced  soda  contaimng  3  at.  of  water  is  en- 
tirely saturated  by  carbonic  acid  without  dissolving, 
one  of  the  atoms  of  water  combines  with  it  chemi- 
cally, the  other  two  remain  in  admixture,  causing 
the  salt  to  agglutinate,  but  are  given  off  on  ezi>o- 
stire  to  the  air.  The  linen  tied  over  the  end  of  the 
tube  allows  the  gas  to  pass  through  without  the 
possibility  of  the  tube  becoming  choked.  The  chlo- 
rides, sulphates,  and  simple  carbonate  of  soda  being 
much  more  soluble  than  Uie  bicarbonate  are  removed 
by  washing. 

The  wash- water  is  evaporated  to  dryness,  when 
all  the  bicarbonate  is  changed  to  carbonate  of  soda. 
The  residue  may  be  employed  in  cases  where 
chloride  of  sodium  and  sulphate  of  soda  are  not 
detrimental. 
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Properties, — Bicarbonate  of  soda  forms  a  snow- 
white  odoturlese  powder  of  a  nuld  very  slightly 
caustic  taste»  it  dissolves  in  13  parts  of  cold  water ; 
in  other  respects  it  resembles  bicarbonate  of  potash ; 
the  tests  are  also  similar. 


NATRIUM  OXIDATUM   CHLORICUM. 

Soda  Chloraa, — Chlorate  of  Soda. 

Formula  :  NaO  +  CIO5. 

Preparation. — 3  Parts  of  crystallized  sulphate  of 
ammonia  and  5  parts  of  chlorate  of  potash  are  dis- 
solved in  a  porcelain  dish  with  15  parts  of  hot 
water ;  the  solution  is  evaporated  in  a  water-bath, 
with  constant  stirring,  to  the  consistence  of  a  thin 
paste,  this  on  cooling  is  put  into  a  capacioTis  glass 
flask,  supersaturated  with  four  times  its  weight  of 
alcohol  of  80  per  ct.,  digested  for  one  day  at  a  gentle 
heat,  filtered,  and  the  residual  saline  mass  washed 
with  alcohol.  To  the  mixed  alcoholic  solutions  is 
added  one  fourth  their  weight  of  water,  the  alcohol 
is  distilled  off  in  a  retort,  the  solution  poured  into 
a  porcelain  dish,  then  diluted  with  its  weight  of 
water  and  5  parts  of  powdered  crystallized  carbonate 
of  soda  are  added  ;  the  mixture  is  now  heated,  with 
constant  stirring,  in  a  water  bath,  as  long  as  the  smell 
of  ammonia  is  perceptible,  and  diluted  with  water 
if  it  becomes  too  thick  whilst  this  is  the  case ;  finally 
it  is  evaporated  to  dryness.  The  salt  is  redissolved  in 
twice  its  weight  of  hot  water  and  set  aside  to  crys- 
tallize ;  if  after  obtaining  one  or  two  crops  of  crys- 
tals the  mother  liquor  has  a  powerful  alkaline  re- 
action, it  may  be  set  aside  for  a  &esh  preparation. 
The  yield  is  rather  more  than  the  sulphate  of  am- 
monia employed. 

Chlorate  of  soda  cannot  be  pr^ared  like  the 
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chlorate  of  potash  by  treating  its  carbonate  irith 
chlorine  because  the  chloride  of  sodium  which  is 
formed  at  the  same  time  and  in  larger  quantities 
than  the.  chlorate  of  soda,  possesses  the  same  degree 
of  solubility  ;  neither  will  the  separation  of  the  two 
salts  by  means  of  alcohol,  although  frequently 
recommended,  be  found  effectual.  If,  as  in  the 
method  for  the  preparation  of  chlorate  of  potash  1 
at.  of  chloride  of  sodium  and  6  at.  of  lime,  or  1  at. 
of  carbonate  of  soda  and  5  at.  of  lime  are  treated  with 
chlorine,  the  chloric  acid  remains  in  combination 
with  the  Hme,  and  the  chloride  of  sodium  whether 
previously  present  in  the  mixture  or  formed  during 
the  process,  will  crystallize  out  as  such.  It  is 
therefore  clear  that  the  readiness  with  which  chlo- 
rate of  potash  forms  is  due  to  its  slight  solubility, 
whilst  the  opposite  quality  is  a  great  impediment  in 
the  preparation  of  chlorate  of  soda. 

The  method  hitherto  most  frequently  employed, 
consists  in  decomposing  bitartrnte  of  soda  with 
chlorate  of  potash,  filtering  off  the  slightly  soluble 
cream  of  tartar  thus  formed,  evaporating  the  filtrate 
to  dryness,  treating  with  water  and  again  crystal- 
lizing.  By  this  convenient  process  a  salt  of  a  nice 
appearance  is  obtained,  but  which  is  contaminated 
with  some  bitartrate  of  potash  as  will  be  evident 
from  its  puffing  up  and  blackening  when  heated. 

By  separating  the  potash  from  chlorate  of  potash 
by  means  of  fluosilicic  acid,  and  then  neutralizing 
with  soda,  the  preparation,  like  the  last,  will 
contain  potash,  and  at  the  same  time  is  more 
expensive  than  the  one  first  given. 

RecapiiuUxHan. — When  sulphate  of  ammonia  and 
chlorate  of  potash  in  aqueous  solution  are  brought 
together,  an  exchange  of  elements  ensues,  and  two 
soluble  salts  are  again  formed,  chlorate  of  anmionia 
and  sulphate  of  potash : — 

1  at.  NH4O  +  SO3  +  HO  and  1  at.  KO  +  CIO5,  form 
1  at.  NH4O  +  CIO*.  1  at.  KO  +  SO3,  and  1  at.  HO. 
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936  Parts  of  crystallized  sulphate  of  ammonia 
require  1533  parts  of  chlorate  of  potash.  These 
two  salts  are  separated  by  alcohol,  in  which  sulphate 
of  potash  is  insoluble  ;  previous  to  the  addition  of 
the  alcohol  most  of  the  water  must  be  evaporated, 
but  not  the  whole  of  it,  otherwise  the  chlorate  of 
ammonia  would  decompose,  partly  volatilizing, 
partly  changing  into  chloride  of  anomonium;  the 
other  volatUe  products  which  separate  are  water, 
chlorine,  nitrous  oxide,  and  oxygen : — 

2  at.  NH4O  +  CIO5,  form 
1  at.  NH4CI,  4  at.  HO,  1  at.  CI, 
1  at.  NO  and  7  at.  O. 

Even  in  evaporating  to  the  prescribed  thickness  a 
temperature  higher  &an  that  obtained  by  a  water 
bath  must  be  carefully  avoided.  The  decomposition 
of  a  certain  portion  of  the  chlorate  of  ammonia  is 
unavoidable ;  this,  however,  will  not  be  considerable 
if  the  previous  rules  are  carefully  observed.  In 
order  to  reobtain  the  alcohol  with  which  the  pasty 
mass  is  treated,  water  is  added  and  the  whole 
distilled ;  the  residual  aqueous  solution  of  chlorate 
of  ammonia  (which  for  fear  of  decomposition  must 
not  be  further  evaporated)  is  decomposed,  after  the 
necessary  dilution,  by  carbonate  of  soda  at  a  gentle 
heat,  into  chlorate  of  soda,  and  carbonate  of 
ammonia  which  volatilizes  : — 

1  at.  NH4O  +  CIO5  and  1  at.  NaO  +  COg,  form 
1  at.  NaO  +  CIO5  and  1  at.  NH^O  +  COg. 

The  chlorate  of  ammonia  obtained  from  938  parts 
of  crystallized  sulphate  of  ammonia  and  1533  parts 
of  chlorate  of  potash,  will  require  1790  parts  of 
crystallized  carbonate  of  soda.  On  account  of  the 
trifling  decomposition  of  the  chlorate  of  ammonia 
which  always  occurs,  rather  less  than  the  stochio- 
metrical  proportion  of  soda  must  be  used,  in  order 
to  prevent  any  free  carbonate  of  soda  from  remain- 
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ing  mixed  with  it;  3  parts  of  sulphate  of  ammonia 
and  only  5  of  carbonate  of  soda.  The  exchange  of 
elements  between  the  chlorate  of  ammonia  and  car- 
bonate of  soda  only  takes  place  gradually,  and 
during  its  occurrence  the  smell  of  the  carbonate  of 
ammonia  evolved  is  perceptible ;  in  order  to  remove 
the  latter  entirely,  it  is  evaporated  to  dryness.  The 
re-solution  and  crystallization  is  imnecessary,  unless 
the  salt  is  required  in  a  crystalline  form,  as  both  the 
crystallized  and  uncrystallized  salts  are  anhydrous. 
If,  however,  from  want  of  sufficient  care  in  the 
preparation,  a  large  portion  of  chlorate  of  ammonia 
is  decomposed  and  lost,  the  whole  of  the  carbonate 
of  soda  will  not  be  converted  into  chlorate,  but 
portions  of  it  will  remain  mixed  veith  the  latter 
salt,  and  in  this  case  re-crystallization  of  the  salt  is 
necessary,  when  the  carbonate  of  soda,  with  a 
little  chlorate  of  soda  and  chloride  of  sodium  (which 
is  formed  by  the  spontaneous  decomposition  of 
chlorate  of  ammonia  by  heat  into  chloride  of 
ammonium)  remain  in  the  mother  liquor. 

The  alcohol  after  the  distillation  generally  pos- 
sesses a  feeble  smell  of  chloric  ether  and  an  acid 
reaction  (from  the  decomposition  of  a  certain  por- 
tion of  the  chlorate  of  ammonia  during  the  distilla- 
tion and  the  action  of  the  liberated  chlorine) ;  it  is, 
however,  applicable  to  many  purposes,  as  the  manu- 
facture of  spiritus  salis  dulcis,  &c. 

Properties. — Chlorate  of  soda  forms  colourless 
rhombohedric  crystals,  which  are  odourless  and  of  a 
mild  saline  cooling  taste.  In  the  air  it  remains  un- 
altered ;  heated  it  fuses,  evolves  oxygen,  and  finally 
becomes  entirely  converted  into  chloride  of  sodium 
{vide  Kali  Chlobicum).  It  dissolves  in  4  parts  of 
cold  and  equal  parts  of  boiling  water,  the  solutions 
having  a  neutral  reaction.  Cold  alcohol  of  80  per 
ct.  takes  up  only  ^  of  this  salt,  if  hot  a  larger 
quantity.  Otherwise  it  behaves  like  chlorate  of 
potash.    Adhering  chloride  of  sodium  is  known  by 
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the  white  turbidness  with  nitrate  of  silver ;  ammo- 
niaeal  acUts  by  the  odour  they  evolve  on  addition  of 
potash  solution ;  and  carbonate  of  soda  by  its  alka- 
line reaction  and  effervescence  with  dilute  acids. 


NATRIUM   OXIDATUM   MARGARICUM 

ET  OLEICUM. 

SoddB  Margaraa  et  Oleas. — Margarate  and  Oleate  of 
Soda, — Medicinal  Soap, 

Formula,  of  that  pbepabed  with  Olive  Oil  : 
2(NaO  +  CaeHaaOa)  +  (NaO  +  C34H33O3). 

Fobmula  op  that  pbefabbd  with  Almond  Oil  : 
L3(NaO  +  CaeHaaOg)  +  (NaO  +  C34H33O3.) 

PrepartUion, — 5  Parts  of  pure  Olive  oil  are  mixed 
in  a  porcelain  or  earthenware  vessel  with  2  parts  of 
freshly-prepared  solution  of  caustic  soda,  spec, 
grav.  1*333,  and  the  whole,  being  very  frequently 
stirred,  is  allowed  to  remain  at  the  ordinary  tempera- 
ture (in  winter  in  a  moderately  warm  room)  until  it 
is  so  stiff  as  to  be  almost  brittle.  A  quantity 
weighing  7  pounds  would  require  from  8  to  10 
days.  If  required  in  less  time,  the  digestion  must 
be  carried  on  at  a  gentle  heat.  The  dish  is  then 
wanned  in  a  sand  bath,  and  a  little  water  added,  if 
during  the  digestion  it  has  become  too 'dry  to  form 
a  smooth  thin  paste  on  wanning.  The  soft  thick 
fluid  mass  is  poured  into  a  box,  from  1  to  1^  inches 
high  and  lined  with  writing-paper  ;  after  allowing 
it  to  stand  a  couple  of  days  in  a  cool  place,  it  is  cut 
into  long  pieces,  thoroughly  dried  at  a  very  gentle 
temperature,  and  kept  in  a  dry  place.  The  yield 
will  be  about  ^^  less  ^an  the  materials  employed. 

The  method  of  preparation  is  entirely  the  same 
when  almond  oil  is  substituted  for  olive  oil. 

Some  Pharmacopoeias  recommend  the  soap  to  be 
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mU0d,  For  this  porpote  th*  foqp  is  dissolrod  in 
ikr§e  tim«9  it$  weight  of  footer,  snd  a  ooneentrsted 
solution  of  salt  added  (to  4  parts  of  solation  of  soap 
1  psrt  of  salt) ;  it  is  sUowed  to  remain  a  law 
minutes  over  the  fire,  being  well  stirred  the  whole 
time,  and  then  placed  in  a  cool  spot.  When 
thoroughly  cold  the  solip  which  separates  and  solidi- 
fies on  the  surface  is  thrown  on  a  linen  strainer, 
washed  with  a  small  quantity  of  cold  water,  and 
well  pressed;  the  dish  is  then  cUaned,  the 
crumbling  mass  returned  to  it,  warmed  until  it 
forms  a  smooth  mass,  and  poui«d  into  a  mould  as 
before. 

Recapitulatum,     Olive  oil  is  a  mixture  of  about 
70  parts  oUme  and  30  parts  margarine.     Oleine 
and  marg^arine,  from  the  manner  in  which  they  are 
decomposed  by  several  bases  (as  potash,  soda,  lime, 
oxide  of  lead,  &c.),  may  be  considered  as  neutral 
sfdts  of  glycerine  (—CtH^Og)  combined  with  oleic 
acid  (—CgnHssOs)  and  marganc  acid  (--Kj^HisO,). 
Oleine  is  therefore  oleate  of  glycerine  '^C^^^O^•^^ 
Ca^HssO,;   its  atomic  weight*  1038  +  3413*4451 ; 
and  margarine  is  msrgarate  of  glycerine  ■■CgH^Os  "^ 
CssHjsOj  ;  atomic  weight- 1038  +  3263*4301.     70 
Parts  of  oleine  and  30  parts  of  margarine  correspond, 
therefore,  to  about  2  at.  of  the  former  and  1  at.  of 
the  latter.    When  the  olive  oil  comes  in  contact 
with  soda,  the  latter,  bdng  a  powerful  base,  dis- 
places,   even    at   the   ordmary   temperature,    the 
weaker  base,  glycerine,  and  at  the  same  moment 
combines  with  1  at.  of  water  to  a  hydrate.    The 
new  compounds  are  neutral  salts,  containing  1  at. 
of  acid  to  1  at.  of  oxide ; — 

2  at.  CgH^Ofi  +  CoeHssOa,  1  at.  C6H7O8  + 
C34H.O303,  3  at.  NaO  and  3  at.  HO,  form 

2  at.  NaO  +  CaaHjaOj,  1  at.  NaO  + 
C34H3303,  and  3  at.  CaH70a  +  H0. 

13203  Parts  of  olive  (nl  require,  tibeiefiire,  1170 
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parts  of  anhydrous  soda,  or  4875  parts  of  caustic 
soda  solution,  spec.  grav.  1*333  (containing  24  per 
ct.  of  soda),  or  6  parts  of  olive  oil  11}  parts  of  solu- 
tion. In  the  proportions  given  the  soda  solution  is 
slightly  in  excess,  as  during  the  process  a  portion 
of  the  soda  wUI,  from  the  action  of  carbonic  acid  in 
the  air,  be  converted  into  carbonate,  and  its  saponi- 
fying action  destroyed.  If,  however,  as  most  Phar- 
macopoeias direct,  2^  parts  of  pure  soda  solution, 
spec.  grav.  1*333,  are  taken  to  5  of  oil,  there  always 
remains  a  considerable  excess  of  soda  in  the  soap, 
which,  gradually  changing  to  carbonate,  effloresces 
and  covers  the  soap  with  a  white  powder.  The 
liberated  glycerine  remains  mixed  with  the  soap ; 
the  latter  also  contains,  even  when  apparently  quite 
dry,  a  certain  quantity  (about  i)  of  water  combined 
with  it ;  consequently  its  yield  will  nearly  equal  in 
weight  that  of  the  oil  and  soda  employed.  The  rest 
of  the  manipulation  requires  no  explanation. 

Almond  oil  contains  oleine  and  margarine,  but 
only  24  per  ct.  of  the  latter.  76  Parts  oleine  and 
24  of  margarine  correspond  to  3  at.  of  the  first, 
» 13353,  and  1  at.  of  the  last,  «4301.  The  pro- 
cess is  the  same  as  with  olive  oil,  only  that  1  at.  of 
almond  oil,  ^13353  +  4301  =  17654  parts,  require 
4  at,  =1560  parts  of  caustic  soda,  or  6500  of  solu- 
tion, spec.  grav.  1*333  ;  that  is,  to  5  parts  of  almond 
oil  If  parts  of  solution. 

The  reason  for  salting  the  soap  lies  in  the  in- 
solubility of  the  latter  in  a  solution  of  common 
salt,  and  thus  the  glycerine,  with  any  excess  of 
alkali  present,  is  removed  &om  it ;  this  alwajrs 
causes  a  slight  contamination  with  common  salt, 
which  cannot  be  removed  without  loss,  as  pure 
water  instantly  exerts  a  soluble  action  on  the  soap 
when  the  saline  solution  has  been  strained. 

Properties, — Prom  pure  olive  or  almond  oU,  medi- 
cinal soap  is  a  white,  solid,  homogeneous  mass, 
with  a  Edight    peculiar  odour,  and  disagreeable, 

T  T 
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rather  biting,  caustic  taste,  but  not  at  all  oorroalTe. 
In  the  air  it  undergoes  no  change ;  in  the  heat  it 
fuses,  and  at  a  high  temperature  deoompoaes,  leaving 
a  carbonaceous  residue,  containing  carbonate  of 
soda.  It  is  readily  soluble  in  alcohol  and  in  water, 
the  solutions  have  an  alkaline  reaction.  Ether 
abstracts  but  little  from  the  soap  if  it  has  been 
salted,  otherwise  it  dissolves  out  all  the  glycerine, 
and  on  evaporation  its  residue  has  a  distinctly  svreet 
taste.  If  a  watery  solution  of  soap  gives  off  £Eitty 
|dobules  on  standing,  the  soap  contains  fn^  oil. 
If  it  is  not  entirely  soluble  in  alcohol,  but  when 
well  washed  with  it  leaves  a  white  pulva!iilent  resi- 
due, soluble  in  water  and  effisrvesdng  on  the  addi- 
tion of  acids,  carbonate  of  soda  is  present.  In  this 
case  the  soap  becomes  covered  with  a  white  efflor- 
escence after  some  time.  If  not  well  dried,  the 
soap  when  kept  some  time  in  closed  vessels  acquires 
a  dark  colour  and  rancid  smell.  If  it  has  a  cor- 
rosive taste,  caustic  soda  has  not  been  altogether 
removed. 


NATRIUM   OXIDATUM    PHOSPHOBICUM. 

Soda  Phosphas, — Phosphate  of  Soda, 

Formula  :  2NaO  +  HO  +  PjOa  +  24 Aq. 

Preparation, — (a)  From  bones. — ^To  a  mixture  of 
6  parts  of  concentrated  sulphuric  acid  and  26  of 
water  are  gradually  added,  in  a  leaden  vessel,  with 
constant  stirring,  6  parts  of  white  bone  ash,  ^ely 
powdered ;  the  vessel  is  then  placed  over  the  fire, 
and  the  paste  well  stirred  for  one  day,  the  water 
which  evaporates  being  replaced.  The  mass  is  now 
mixed  with  as  much  water  as  was  used  to  dilute 
the  acid,  placed  in  a  bag  to  strain,  and  the  liquid 
returned  until  it  runs  off  clear ;  when  it  has 
drained  as  much  as  possible  the  liquid  is  pressed. 
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twice  mixed  with  40  parts  of  water,  and  strained ; 
the  liquids  are  then  mixed,  and  evaporated  to  about 
12  parts.  After  standing  24  hours  the  liquid  is 
strained  from  the  silky  crystalline  mass  which  it 
contains,  and  again  diluted  with  24  parts  of  water, 
warmed  and  treated  with  a  solution  of  carbonate 
of  soda  as  long  as  this  causes  a  precipitate.    From 

6  to  7  parts  of  crystallized  soda  will  be  sufficient. 
When  the  whole  has  been  warmed  for  half-an-hour, 
and  a  few  drops  of  solution  of  soda  cause  no  tur- 
bidness  in  a  filtered  portion,  it  is  allowed  to  cool 
and  subside,  then  set  aside  to  crystallize.  After 
obtaining  one  or  two  crops  the  mother  liquor  is 
tested  with  hydrochloric  acid  for  carbonate  of 
soda,  and,  if  this  is  present,  is  set  aside  for  neutral- 
izing a  fresh  quantity  of  acid.  The  crystals,  if 
free  from  carbonate,  are  spread  on  filtering  paper, 
dried  in  the  air,  and  kept  in  a  cool  spot.  The  pro- 
duct is  somewhat  more  than  the  weight  of  car- 
bonate used. 

(b)  With  pure  phosphoric  acid, — ^The  last  traces  of 
sulphuric  acid  and  lime  are  removed  from  the  salt 
(a)  only  by  numerous  re- crystallizations,  which  en- 
tail considerable  loss.  For  analytical  purposes  it  is 
better  to  add  to  pure  phosphoric  acid  solution,  in  a 
porcelain  dish,  pure  crystallized  carbonate  of  soda 
as  long  as  it  causes  an  efiervescence,  and  until  the 
acid  reaction  is   exchanged  for   an   alkaline   one. 

7  Parts  of  acid,  spec.  grav.  1*160,  require  6  parts 
of  soda.  It  is  placed  in  the  cool  to  crystallize,  the 
crystals  separated,  spread  on  filtering  paper  to  dry, 
and  kept  in  a  cool  place.  The  mother  liquor,  on 
evaporation,  yields  fresh  quantities  of  crystals. 
The  product  will  equal  in  weight  the  phosphoric 
acid  used. 

Recapitulation. — (a)  The  theory  of  the  action  of 
sulphuric  acid  on  bones  has  been  already  described 
under  Phosphobic  Acid.  The  carbonate  of  soda, 
like  ammonia,  precipitates  from  the  acid  solution 
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(biphosphate  of  lime)  inBoluble  basic  plioaphate  of 
lime,  and  the  carbonic  acid  ia  evolTed.  On  this 
account  the  quantity  of  phosphate  of  soda  obtained 
ii  less  than  that  calculated  from  the  phosphoric 
acid  contained  in  bones.  The  trace  of  sulphate  of 
lime  in  the  acid  liquid  is  at  the  same  time  decom- 
posed  by  the  carbonate  of  soda,  carbonate  of  lime 
being  precipitated,  and  sulphate  of  soda  remain- 
ing  in  the  solution.  Lastly,  the  magnesia  in  the 
bones  is  precipitated  as  basic  carbonate  of  mag- 
nesia. To  cause  the  carbonic  acid  to  be  entirdy 
giTen  oS,  the  solution  is  warmed ;  this  also  facili- 
tates the  precipitation  of  the  carbonate  of  lime. 
To  precipitate  the  lime  entirely  a  considerable  ex- 
cess of  carbonate  of  soda  is  reqidsite,  and  on 
this  accoimt  the  last  crystals  of  phosphate  of 
soda  contain  carbonate  as  well  as  siQphate  of 
soda,  and  consequently  must  not  be  mixed  with 
those  first  formed. 

(b)  The  phosphoric  acid  drives  off  the  carbonic 
acid,  and  combines,  with  excess  of  soda,  to  form 
a  basic  salt,  in  which  the  third  atom  of  base  is 
replaced  by  water: — 

1  at.  PjOj,  2  at.  NaO  +  COa,  and  25  at. 

HO,  form 
1  at.  2NaO  +  HO  +  P205  +  24Aq.,  and 

2  at.  COg. 

900  Farts  of  anhydrous  phosphoric  acid,  or  8912 
parts  of  spec.  gray.  1*160  (which  contain  23  per 
ct.  of  anhydrous  acid)  require  3580  parts  of  crys- 
tallized carbonate  of  soda  (containing  10  per  ct. 
water).  The  last  crop  of  crystals  in  this  case 
may  also  contain  carbonate  of  soda,  and  if  so 
they  must  be  kept  tmmixed  with  the  other. 

Properties, — Basic  phosphate  of  soda  crystallizes 
in  transparent  rhombic  prisms  and  tables,  which 
are  odourless  and  of  an  agreeable  cooling  saline 
taste.      In  the  air  it   effloresces,    slightly  at   the 
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ordinary  temperature,  but  much  more  readily  in 
warm  air.  Heated  more  strongly,  the  crystals 
fuse  in  their  water  of  crystallization,  and  the 
dried  salt  .has  the  formula  2NaO  +  HO  +  P-Oj ;  if 
this  is  heated  to  redness  the  basic  atom  of  water 
is  driven  off,  the  salt  fusing  to  a  clear  mass, 
which  is  opaque  on  cooling.  The  fused  salt  is 
stochiometrically  a  neutral  one,  the  so-called  pyro- 
pJiosp?Mte  of  soda;  the  great  difference  between 
which  and  the  ordinary  basic  phosphate  of  soda 
is,  that  it  gives,  with  nitrate  of  silver,  a  white 
precipitate  (SAgO  +  PjOg),  whilst  the  latter  gives 
a  yeUow  one  (SAgO  +  PaOj).  The  precipitate  dis- 
solves in  4  parts  of  cold  and  in  2  of  hot  water, 
but  is  insoluble  in  alcohol;  the  solution  has  a 
distinctly  alkaline  reaction ;  should  it  give  an  effer- 
vescence on  supersaturation  with  hydrochloric  acid, 
it  contains  carbonate  of  soda ;  a  yellow  precipitate, 
caused  bypassing  sulphuretted  hydrogen  through 
the  acid  solution,  and  readily  soluble  in  carbonate 
of  ammonia,  indicates  arseniotis  acid,  which  arises 
from  the  employment  of  either  sulphuric  acid  or 
phosphorus  containing  arsenic.  If  properly  pre- 
pared, however,  the  phosphoric  acid  from  the  bi- 
phosphate  of  lime  cannot  contain  arsenic,  as  with 
the  basic  phosphate  of  lime  the  arsenious  acid  is 
precipitated  as  a  lime  salt.  Sulphate  of  soda  is  de- 
tected in  the  solution  acidified  with  nitric  acid,  by 
nitrate  of  baryta ;  chloride  of  sodium  by  nitrate  of 
silver ;  traces  of  either  of  these  salts  will,  however, 
be  unimportant  for  medicinal  purposes.  Lime  is 
detected  by  neutral  oxalate  of  potash,  and  after 
separating  the  lime,  ammonia  will  determine  the 
presence  of  magnesia.  If  magnesia  is  suspected, 
the  lime  must  not  be  thrown  down  by  oxadate  of 
ammonia,  for  the  magnesia  would  immediately  pre- 
cipitate as  ammonio-phosphate  of  magnesia.  Hy- 
drosulphate  of  ammonia  must  cause  no  change ;  a 
black  precipitate  with  it  indicates  iron  or  copper; 
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the  former  metal  will    gife    a   bhuah    one   ifith. 
tumin. 


NATRIUM    OXIDATUM    SUBSIlLPHU- 

ROSUM. 

Soda  HyponUphas, — Hyposu^hiie  of  Soda, 

Formula  :  NaO  +  SjO^  +  5HO. 

Frepanxtvm, — 6  Farts  of  eflioresced  sulpliate  of 
soda,  thoroughly  dried  at  a  gentle  heat,  is  intimately 
mixed  with  2\  parts  of  finely  powdered  wood  char- 
coal; the  mixture  pressed  into  a  black  lead  or 
Hessian  crucible,  the  coyer  fastened  on  with  wire^ 
and  placed  in  a  strong  wind  fiimace ;  the  fire  is 
applied  gently  at  first,  but  increased  after  half-an- 
hour  to  a  bright  red  heat,  and  continued  at  this  for 
an  hour  uninterruptedly.  In  order  to  insure  the 
entire  decomposition  of  the  sulphate  of  soda,  the 
contents  of  the  crucible  must  not  weigh  more  than 
one  pound.  After  allowing  it  thoroughly  to  cool, 
the  agglutinated  contents  of  the  crucible  are  pow- 
dered, dissolved  in  24  parts  of  water,  the  carbon 
separated  by  filtration  and  n  of  the  solution  by 
weight  set  aside  ;  the  remainmg  g  are  treated  with 
washed  sulphurous  acid  gas — ^prepared  as  directed 
under  the  article  "Acidum  Sulphurosum"  firom 
1  part  of  freshly  heated  and  coarsely  powdered  wood 
charcoal,  and  8  parts  of  concentrated  sulphuric  acid 
— until  a  small  portion  withdrawn  on  a  glass  rod  no 
longer  gives  a  black  colour  with  nitrate  of  silver,  but 
a  pure  white  one.  1  Fart  charcoal  and  8  sulphuric 
acid  will  effect  this.  During  the  treatment  with 
sulphurous  acid  the  solution  must  be  cooled  with 
water,  snow,  or  ice.  The  evolution  vessel  is  instantly 
removed,  the  solution  filtered  and  the  ^  part  added ; 
when  after  slowly  evaporating  to  a  syrupy  consist- 
ence, it  is  placed  in  the  cool  to  crystallize.    If  after 
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remaining  quiet  for  some  days  it  fails  to  crystallize, 
it  must  again  be  gently  warmed  for  a  sliort  time  ;  it 
then  generally  happens  that  the  whole  mass  becomes 
solid  on  cooling.  The  compact  crystalline  mass  or 
single  crystals  are  now  spread  on  filtering  paper, 
dried  in  the  air  or  with  an  extremely  gentie  heat, 
and  kept  in  a  closed  yessel.  The  mother  liquor  will 
yield  more  crystals  on  evaporation.  The  product 
will  weigh  about  9  parts. 

Hyposulphite  of  soda  is  also  formed  on  exposing 
to  the  air  finely  powdered  sulphxiret  of  sodium, 
prepared  as  just  directed  ;  in  this  case  however  the 
salt  will  be  contaminated  with  carbonate  of  soda 
(vide  Kalium  Sulphubatxtm). 

Recapitulation,  —  At  a  red  heat  the  charcoal 
abstracts  irom  the  sulphate  of  soda  aU  its  oxygen, 
forming  if  in  excess,  carbonic  oxide  gas,  whilst 
sidphuret  of  sodium  remains  as  a  dark  yellow 
mass  : — 

1  at  NaO  +  SO3,  and  4  at.  C,  form 
1  at.  NaS,  and  4  at.  CO. 

890  Parts  of  dried  sulphate  of  soda  require  300  parts 
of  pure  carbon,  but  as  wood  charcoal  is  always  im- 
pure more  must  be  used,  and  an  excess  is  immaterial 
being  separated  during  filtration.  The  effloresced 
sulphate  of  soda  is,  on  account  of  its  lightness  and 
porosity,  preferable  to  that  which  has  been  at  once 
heated  to  dryness.  When  the  solution  of  sulphuret 
of  sodium  thus  obtained  is  subjected  to  the  action  of 
sulphurous  acid,  there  is  formed  with  the  decompo- 
sition of  water,  sulphate  of  soda  and  sidphuretted 
hydrogen : — 

2  at.  NaS,  2  at.  SO^,  and  2  at.  HO,  form 
2  at.  NaO  +  SOg,  and  2  at.  HS. 

By  the  continued  action,  sulphurous  acid  and  tho 
sulphuretted  hydrogen  are  mutually  converted  into 
sulphur  and  water : — 


«i: 


1  X.  y^mi  -  -s:^ 


«  _ 

hrTiin;ri.  ^tt«4  lues. 

:*   of  fil-ra^  Ait  pocBt   is 
^2>£    aesuBi  of    the 


ati  fc  trvjc  z€  tM.'ji!  ^j«  cjf  ««"  j  n  i*'JtiT.>*.  ix   from 


vLfie  jneipiisie,  wLieii  on  z>os«  nyposiilphite 
bcsr^  kd5ed  dsflfdlrcs.  Aft^r  fi'tfring  dfee  snJ^ilLiir 
frccEi  tLe  Kilctkm,  the  ^  of  snlpihiiict  of  sodimn  is 
added  to  prterenx  the  deconqMBtinn  of  the  hypo* 
Wii|ihiTf  of  ioda,   bj  action  of  tibe  air  and   heat. 
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Without  this  precaution  a  portion  of  the  hypo- 
sulphite of  soda  would  separate  into  sulphite  of 
soda  and  free  sulphur  : — 

1  at.  NaO  +  8202=  1  at.  NaO  +  Sogjand 
1  at.  S ; 

whilst  the  sulphite  of  soda  formed,  gradually 
abstracts  oxygen  from,  the  air,  and  forms  sulphate  ; 
but  when  sulphuret  of  sodium  is  present,  this  being 
more  readily  oxidizable,  is  first  acted  on  by  the  air 
and  converted  into  hyposulphite  of  soda.  More 
than  i^  should  not  be  added,  otherwise  an  excess 
will  be  present  and  render  the  product  impure.  On 
account  of  the  ready  solubility  of  the  hyposulphite 
of  soda,  the  solution  must  be  tolerably  concentrated. 
Properties, — ^The  hyposulphite  of  soda  crystallizes 
in  clear  rectangtilar  flattened  prisms,  but  generally 
•  forms  a  crystalline  mass  ;  it  is  odourless,  of  a  mild 
saline,  somewhat  hepatic  taste.  In  the  air  it  remains 
dry,  but  effloresces  slightly  in  a  warm  atmosphere. 
Heated  it  fuses,  giving  off  watery  vapours  and 
sulphuretted  hydrogen,  then  becomes  dry,  and 
again  liquid  at  a  red  heat,  whilst  sulphur  sublimes, 
and  on  cooling  a  dark  yellow  mass  of  an  hepatic 
smell  and  taste  remains.  The  sulphuretted  hydro- 
gen is  formed  by  the  decomposition  of  a  portion  of 
the  water  by  a  part  of  the  hyposulphite  of  soda, 
which  is  at  the  same  time  converted  into  sulphate  of 
soda: — 

1  at.  NaO  +  S2O2,  and  1  at.  HO,  form, 

1  at.  NaO  +  SO3,  and  1  at.  HS. 

The  greater  portion  of  the  hyposulphite  of  soda 
separates  into  sulphate  of  soda,  sulphuret  of  sodium, 
and  free  sulphur  : — 

4  at.  NaO  +  SjOj,  form 

3  at.  NaO  +  SO3,  1  at.  NaS,  and  4  at.  S. 

It  dissolves  in  less  than  its  weight  of  cold  water  ; 
the  solution  has  an  alkaline  reaction,  in  alcohol  it  is 
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insoluble.  Nitrate  of  silrer  causes  a  white  floccuknt 
precipitate  of  hyposulphite  of  silver  which  is  readily 
soluble  in  excess  of  hyposiQphite  of  soda.  If  the 
precipitate  is  not  quite  white,  but  grey  or  black,  it 
contains  sulphuret  of  silver,  and  the  salt  is  contami- 
nated with  sulphuret  of  sodium.  The  colour  of  the 
precipitate  is  to  be  noticed  at  its  first  formation,  as 
It  gradually  acquires  a  yellow-bro-wn,  and  finally  a 
black  colour  owing  to  its  separation  into  sulphuret 
of  silver  and  fi^e  sulphuric  acid  : — 

1  at.  AgO  +  S2O2,  form 
1  at.  AgS,  and  1  at.  SO3. 

If  acetic  acid  causes  an  effervescence  in  the  solution 
of  hyposulphite,  carbonate  of  soda  is  present ;  and 
should  chloride  of  barium  cause  a  white  precipitate 
in  it  when  acidified,  sulphate  of  soda  also,  from  which 
the  preparation  cannot  be  easily  freed. 


NATRIUM  OXIDATUM  SULPHURICUM. 

Sodte  Sulphas, — Sulphate  of  Soda, —  Glauber's  Salts, 
Formula:  NaO  +  SO3  +  lOHO. 

Preparation. — Sidphate  of  soda  is  a  secondary 
product,  only  requiring  purification,  in  so  many 
processes,  as  the  manufacture  of  hydrochloric  and 
nitric  acids,  the  precipitation  of  metallic  sulphates 
by  carbonate  of  soda  and  so  on,  that  its  direct  fabri- 
cation is  seldom  necessary.  The  residues  from  the 
distillation  of  hydrochloric  and  nitric  acids  is  a 
bisulphate,  to  neutralize  this  with  carbonate  of  soda 
would  be  too  expensive ;  the  cheapest  and  simplest 
method  is  by  calcination,  but  where  this  operation 
is  inconvenient,  the  following  may  be  employed  : — 

The   acid  sulphate  of  soda  is   dissolved   in  an 
earthen  dish,  or,  by  considerable  quantities,  in  a 
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wooden  tub,  in  ten  parts  of  water,  and  lime  made 
to  a  thin  paste  with  water  is  gradually  added  as 
long  as  the  mixture  continues  to  redden  litmus 
paper.  The  milk  of  lime  must  be  very  gradually 
added,  as  it  does  not  at  once  combine  with  the  acid, 
and  any  excess  of  lime  is  accompanied  by  a  corres- 
ponding loss  of  sulphate  of  soda.  When  saturated, 
it  is  allowed  to  subside,  decanted,  the  residue  thrown 
on  a  strainer,  and  washed  with  hot  water  so  long  as 
the  liquid  passing  off  has  a  saline  taste.  The  mixed 
liquid  is  then  boUed  in  a  lead  or  clean  copper  vessel 
until  a  small  portion  withdrawn  from  it  gives  signs 
of  crystallization  on  cooling ;  then  filtered  whilst 
hot,  and  the  filtrate  kept  in  a  cool  place  for  some 
days.  The  crystals  are  freed  from  the  mother 
liquor,  and  the  latter  evaporated.  The  first  and 
second  crop  are  generally  pure,  but  after  that  they 
are  often  yellow  ,and  require  to  be  crystallized. 
The  crystals  are  spread  out  on  a  sieve  covered  with 
bibulous  paper,  dried  in  the  air,  and  kept  in  a  cool 
place. 

The  brown  mother  liquor  is  evaporated  to  dryness, 
and  employed  as  anhydrous  sidphate  of  soda,  where 
a  little  colouring  matter  and  sulphate  of  lime  are 
not  of  consequence. 

HecapittUation, — When  acid  sulphate  of  soda  is 

saturated  with  lime,  the  slightly-soluble  sulphate  of 

lime  is  formed,  and  a  hydrated  salt  =  CaO  +  SO3  + 

2HO  precipitates,  whilst  neutral  sulphate  of  soda, 

with  a  slight  trace  of  sulphate  of  lime,  remains  in 

solution ;  on  evaporation,  the  latter  separates,  and 

may  be  removed  by  filtration.    There  is  no  fear  that 

with  the  cry  stab  of  the  Glauber's  salts  gypsum  will 

be  thrown  down,  as  this  is  not  more  soluble  in  hot 

than  in  cold  water. 

Properties, — ^Neutral  sulphate  of  soda  crystallizes 
in  large,  clear,  oblique,  rhombic  fluted  prisms, 
which  are  odourless,  and  possess  a  faintly  saline, 
cooling,  bitter  taste.     l^  ^^  ^^  fron^  loss  of  water, 
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they  are  quickly  covered  with  a  white  light  powder 
(anhydrous  sulphate  of  soda,)  into  which  they  after 
some  time  ftdl.  Heated,  they  fuse  in  their  water  of 
crystallization,  and,  on  losing  this,  form  a  dry  mass, 
which  heated  to  redness  becomes  fluid*  without  de- 
composing. Of  water  at  the  ordinary  temperature 
it  requires  3  parts  for  its  solution,  but  at  90^  Fah. 
less  than  half  its  weight ;  the  solution  has  a  neutral 
reaction.  Alcohol  has  no  effect  on  it.  If  ammonia 
causes  with  it  a  white  precipitate,  soluble  in  sal 
ammoniac,  mt^fnegia  is  present ;  if  insoluble,  it  is 
abwUna,  If  oxalate  of  ammonia  causes  a  precipi- 
tate, lime  iB  present ;  and  an  evolution  of  ^mmoyiin^ 
on  the  addition  of  caustic  potash,  denotes  ammomiaeal 
9aU.  Chloridet  are  detected  by  nitrate  of  silver, 
iron  by  tannin,  copper  by  fezrocyanide  of  potasaium, 
or  a  dean  piece  of  iron  on  which  the  copper  pre- 
cipitates. 


PICROTOXINUM. 

Pierotoxine. 
Fobmtjla:  C12H7O5. 


Preparation, — Cocculus  Indicus  is  bruised,  the 
hulls  separated  by  sifting,  the  inner  portion  pow- 
dered, warmed  in  a  copper  or  iron  vessel,  and 
strongly  pressed.  The  residue  is  again  bruised  up, 
the  powder  digested  in  a  flask,  or  in  large  quantities 
in  a  still,  with  three  times  its  weight  of  alcohol  of 
80  per  ct.,  for  one  day,  then  pressed,  and  the  residue 
treated  twice  again  with  the  same  quantity  of 
alcohol,  to  the  alcoholic  tincture  \  its  volume  of 
water  is  added,  the  alcohol  distilled  off,  the  residue 
poured  into  a  copper  vessel,  and,  after  adding  a 
moderate  quantity  of  powdered  wood  charcoal, 
evaporated  to  dryness  with  a  gentle  heat.  The  dried 
mass  is  flnely  powdered,  digested  with  ether  three 


PIOBOTOXIKXTM.  529 

times,  in  a  closed  bottle  at  the  ordinary  temperature; 
J  its  weight  of  water  is  then  added  to  the  ethereal 
tincture,  the  ether  distilled  off,  the  residue  gently 
warmed  in  a  porcelain  dish  until  the  smeU  of  ether 
has  entirely  (Hsappeared,  and  then  allowed  to  cool. 
The  fatty  substance,  which  swims  on  the  surface,  is 
separated  by  filtration,  the  fat  washed  with  alcohol 
of  60  per  ct.,  and  the  filtrate  evaporated  to  crystal- 
lization. After  the  picrotoxine  has  crystallized,  it 
is  pressed  between  filtering  paper,  again  dissolved 
in  three  times  its  weight  of  boiling  alcohol  of  80 
per  ct.,  and  allowed  to  crystallize.  The  produce 
from  8  poimds  of  berries  will  be  from  1  to  1^ 
ounces. 

Recapitulation, — ^Picrotoxine  exists  in  the  fleshy 
part  of  the  Cocculus  Indicus  berries  in  an  imcom- 
bined  state ;  according  to  Felletier,  the  shells  con- 
tain an  alkaloid,  Menispermin,  they  must  therefore 
be  separated.  J3y  pressing,  a  great  portion  of  the 
fatty  matter  they  contain  is  removed,  which  would  be 
troublesome  in  the  next  operation  of  exhausting,  kc. 
Alcohol  takes  up  the  picrotoxine  easily  and  completely, 
and  with  it  the  colouring  matter  also ;  to  remove  this, 
the  alcoholic  extract,  mixed  with  fine  charcoal  that  it 
may  be  readily  powdered,  is  digested  with  ether, 
which  only  dissolves  the  picrotoxine  and  a  little  fat. 
As  soon  as  the  ether  has  evaporated  the  fat  rises  to 
the  surface,  and  when  it  has  solidified  may  be 
removed  by  filtration.  To  remove  the  last  trace  of 
fat,  the  crystals  are  pressed  between  blotting  paper, 
and  recrystallized. 

Prop*r^w«.— Picrotoxine  forms  white  crystalline 
crusts,  or  brilliant  needles  of  an  insupportably 
bitter  taste,  but  odourless.  It  is  imchanged  in  the 
air,  heated  it  fuses,  and  gives  off  volatile  products, 
having  an  acid  reaction,  a  carbonaceous  residue 
being  left,  which  must  be  entirely  combustible  in 
the  air.  It  dissolves  in  160  parts  of  cold  water,  and 
in  25  of  boiling ;  in  10  parts  of  cold  and  in  its  own 

z  z 
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weight  of  boiling  alcohol  of  80  per  ct. ;  2i  parts  of 
ether  dissoWe  it ;  the  solutioiis  haye  no  action  on 
Tegetable  colour.  It  ia  readily  taken  up  by  caustic 
alkalies. 


PIPERINUM. 

Piperine. 

Formula:   CroH„N,Ojo  +  2HO. 

Preparation, — A  convenient  quantity  of  black 
pepper  is  coarsely  powdered,  treated  with  twelve 
times  its  weight  of   cold  water    and,    frequently 
shaken,  is  allowed  to  digest  a  few  days  ;  after  sub- 
siding, the  dear  liquid  is  poured  off^  the  residue 
again  digested  and  pressed.    The  residue  is  now 
d^^ted  three  times  with  alcohol  of  80  per  ct.,  the 
alcohol  each  time  being  three  times  the  weight  of 
the  pepper.    The  filtered  tinctures  are  mixed  with 
I  their  volume  of  water,  and  distilled,  the  residual 
liquid  is  then  evaporated  in  a  porcelain  dish  to  the 
consistence  of  an  extract.     After  standing  some 
days  in  a  cool  place,  this  is  exhausted  with  water, 
the  insoluble  portion  again  dissolved  in  alcohol,  and 
hydrate  of  lime,  equalling  in  weight  ^  of  the  pepper, 
is  digested  with  it  for  one  day  in  a  warm  place,  then 
filtered,  and  evaporated  to  crystallization.     The  last 
portion  of  the  mother  liquor,  which  contains  a  good 
deal  of  resin,  may  be  thrown  away ;  the  crystals 
(excepting  perhaps  a  few  which  form  at  first)  are 
finely  powdered,  treated  in  the  cold  with  a  small 
quantity  of  ether,   dissolved  in  alcohol,   digested 
with  ammal  charcoal  that  has  been  puiified  with 
hydrochloric  acid,  filtered,  and  the  alcohol  distilled ; 
the  residue  is  set  aside  to  crsrstaUize.    The  product 
from  8  pounds  of  pepper  will  be  rather  more  than  3 
oimces. 
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Recapitulation. — Black  pepper  contains  piperine 
in  an  nncombined  state,  cold  water,  whilst  scarcely 
acting  on  the  piperine,  dissolves  the  extractive 
matter;  alcohol  dissolves  the  piperine  and  the 
resin.  As  after  treating  with  water,  a  portion  of 
the  extractive  matter  is  always  left  behind,  and 
becomes  dissolved  by  the  alcohol,  the  spirituous 
extract  is  again  washed  with  water  to  remove  it. 
The  residue  again  dissolved  in  alcohol  still  contains 
a  large  quantity  of  resin,  which  forms  with  lime  a 
compound  but  slightiy  soluble.  By  agitating  with 
ether  the  last  portions  of  resin  are  withdrawn,  with 
but  littie  loss  of  piperine,  whilst  the  charcoal 
removes  the  colouring  matter.  The  last  operation 
generally  requires  to  be  repeated. 

Properties, — Piperine  crystallizes  in  moderate 
sized  white  or  pale  yeUow  crystals,  which  are 
odourless,  and  if  white,  almost  tasteless ;  the  co- 
loured, from  the  adherent  pungent  matter,  have  the 
taste  of  pepper.  Heated  it  fuses,  at  a  higher  tem- 
perature it  gives  off  volatile  ammoniacal  products, 
leaving  a  carbonaceous  residue  which  must  be  en- 
tirely combustible.  Piperine  is  not  soluble  in  cold, 
and  but  slightly  so  in  hot  water ;  it  is  soluble  in  30 
parts  of  cold  or  in  its  own  weight  of  boiling  alcohol ; 
ether  on  the  other  hand  dissolves  only  <i^  part ;  the 
solutions  do  not  eiffect  litmus  or  turmeric  paper. 
In  acetic  acid  it  is  readily  soluble. 


PLATINUM   NIGRUM. 

Platinum  Black, 
Formula:  Pt. 

^  Preparation, — 6  Parts  of  hydrated  chloride  of  pla- 
tinum are  dissolved  in  a  porcelain  dish  with  100 
parts  of  water,  to  the  solution  are  gradually  added  7 
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parts  of  cryattUUted  carbonate  of  Moda  and  afterwards 
1  )  parts  of  dry  formiate  of  soda.  The  whole  is  al- 
lowed to  digest  1  or  2  days  at  the  ordinary-  tempe- 
rature with  frequent  agitation.  It  is  now  warmed 
in  a  sand-bath  until  the  supernatant  liquid  has  be- 
come colourless,  then  filtered,  the  precipitate  wash- 
ed with  water  and  dried  with  a  gentle  heat.  Its 
weight  equals  2  parts. 

Dobereiner's  method,  adding  a  large  excess  of  so- 
da to  a  platinum  solution  (3  parts  of  soda  to  1  of  the 
platinum  salt)  and  then  reducing  with  alcohol  or 
sugar,  I  have  not  found  to  answer  perfectly. 

Recapitulation, — When  solutions  of  chloride  of 
platinimi  and  formiate  of  soda  come  in  contact,  the 
sodiimi  combines  with  the  chlorine,  whilst  the  oxy- 
gen of  the  soda  instead  of  oxidizing  the  platinum, 
mrms  with  the  elements  of  the  formic  acid,  car- 
bonic acid,  carbonic  oxide  and  water,  whilst  the 
platintmi,  in  the  metallic  state,  precipitates  as  a  fine 
black  velvety  powder.  Owing  to  the  evolution  of 
carbonic  acid,  the  reaction  is  accompanied  by  effer- 
vescence : — 

1  at.  Pt  +  CI,  and  2  at.  NaO  +  C2HO3,  form 

2  at.  NaCl,  1  at.  Pt,  2  at.  CO,  2  at.  COj,  2  at.  HO. 

3018  Parts  of  chloride  of  platinum  require  1705 
parts  of  formiate  of  soda.  One  half  of  the  formiate 
of  soda  may  be  saved  by  first  combining  the  chlo- 
rine of  the  platinum  salt  with  soda,  (using  sufficient 
of  the  latter  to  act  as  a  base  to  the  oxide  of  plati- 
num,) forming  a  platinum  and  soda  salt,  which 
being  readily  soluble  remains  mixed  with  the  chlo- 
ride of  sodium  ;  for  this  purpose  only  |  more  soda 
is  requisite : — 

2  at.  PtClg  and  4  at.  NaO  +  CO^,  form 
4  at.  NaCl,  4  at.  COg,  and  2  at.  PtOg ; 

further 
2  at.  PtOg  and  1  at.  NaO  +  CO^,  form 
1  at.  NaO  +  2  PtOj  and  1  at.  COg. 
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6036  Parts  of  crystfillized  chloride  of  platmum 
require  8950  parts  of  crystallized  carbonate  of  soda. 
Formiate  of  soda  decomposes  the  soda  and  platinum 
salt  thus, — the  oxygen  of  the  oxide  of  platinum 
passes  to  the  formic  acid  with  which,  besides  water, 
it  forms  carbonic  acid  that  is  partly  evolved  and 
partly  combines  with  the  soda  separated  from  the 
platinum  salt ;  the  reduced  platinum  precipitating : — 

1  at.  NaO  +  2  Pt.Oj  and  2  at.  NaO  +  C2HO3,  form 
3  at.  NaO  +  COg,  2  at.  HO,  1  at.  COg,  and  2  at.  Pt. 

6036  Parts  of  crystallized  chloride  of  platinum 
require  therefore  in  this  case  only  1705  parts  of  for- 
miate of  soda  ;  the  proportions  5  parts  and  1  §  parts 
contain  the  latter  slightly  in  excess,  so  that  it  causes 
the  precipitation  of  the  platinum  with  certainty. 
The  process  of  reduction  goes  on  but  slowly  in  the 
cold,  it  is  greatly  facilitated  by  warming ;  it  is  how- 
ever not  advisable  at  once  to  warm  the  mixture, 
otherwise  the  separation  of  the  platinum  takes  place 
so  rapidly  that  it  forms  a  compact  mass  on  the  side 
of  the  vessel  and  the  aim  of  the  process  is  defeated. 
For  the  same  reason  the  liquid  must  be  very  dilute. 
The  liquid  filtered  from  the  platinum  black  is 
thrown  away  as  worthless. 

In  Dobereiner's  process  sugar  or  alcohol  is  made 
to  replace  the  formiate  of  soda.  In  this  case  other 
products  of  decomposition  as  acetic  acid,  aldehyde, 
formic  acid,  &c. ;  these,  however,  are  not  sufficiently 
studied  for  a  correct  stochiometrical  plan  to  be 
drawn  of  them. 

Properties, — Pure  platinum  black  is  a  soft,  heavy, 
black,  odourless,  and  tasteless  powder.  By  heating 
to  redness  it  acquires,  with  an  aggregation  of  its 
particles  a  gray  colour,  becoming  the  so-called 
spongy  platinum,  without  undergoing  any  further 
change.  It  is  perfectly  insoluble  either  in  hydro- 
chloric acid,  nitric  acid,  or  water ;  in  aqua  regia  it 
readily  dissolves.      Its  most  peculiar  property  is 

z  z  2 
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that  of  oxidising  alcohol,  fomung  acetie  aeid.  Pla- 
ced under  a  bell-glaas  with  a  small  dish  filled  with 
alcohol,  the  latter  after  about  a  quarter  of  an  hour 
acquires  a  powerful  acid  reaction  and  has  a  strmg 
smell  of  acetic  acid.  Platinum  black  condenses  in 
its  extremely  fine  pores  a  considerable  quantity  of 
oxygen  and  as  this  is  transferred  to  the  alcohol,  the 
platinum  black  again  condenses  a  fresh  portion, 
keeping  up  a  constant  supply.  The  alcobci  forms 
acetic  acid  and  water : — 

1  at.  C^HgOs  and  4  at.  O,  form 
1  at.  C4H3O3  and  3  at.  HO. 


PLUMBUM  CHLORATUM. 

PJumbi  Cfdoridum, — Chloride  of  Lead. 
Formula  :  PbCl, 

Preparation, — 4  Parts  of  sugar  of  lead  are  dis- 
solyed  in  12  parts  of  pure  water,  and  pure  hydro< 
chloric  acid  (about  3  parts  spec.  gray.  1*130)  is  ad- 
ded as  long  as  a  precipitate  is  caused.  The  precipi- 
tate thrown  on  a  filter  is  washed  a  few  times  with 
pure  water  and  dried  at  a  moderate  temperature. 
The  yield  wiU  be  about  2§  parts. 

Recapittdation. — Acetate  of  lead«PbO  +  A  +  3H0 
on  the  addition  of  hydrochloric  acid  giyes  off  its 
acetic  acid  and  water,  forming  water  and  chloride  of 
lead  which  is  very  slightly  soluble,  and  mostly  pre- 
cipitates as  a  white  crysUdline  powder  : — 

1  at.  PbO  +  A  +  3H0  and  1  at.  HCl,  form 
1  at.  PbCl,  1  at.  A,  and  4  at.  HO. 

2370  Parts  of  acetate  of  lead  reqxdre  1750  of  hydra- 
ted  hydrochloric  acid  spec.  grav.  1*130  (■»  26  per  ct. 
anhydrous).    By  washing,  tke  liberated  acetio  acid 


PLUMBUM  lODATUM^  535 

and  any  excess  of  hydrochloric  acid  are  remoyedt 
but  as  this  caiises  a  sHght  loss  of  chloride  of  lead,  it 
is  not  long  continued,  the  last  portions  of  acetic 
and  hydrochloric  acids  being  entirely  given  off  on 
drying. 

After  adding  sufficient  carbonate  of  lime  to  neu- 
tralize the  hydrochloric  acid,  the  acetic  acid  in  th0 
filtered  liquor  may  be  re-obtained  by  distillation. 

Properties, — The  chloride  of  lead  is  a  white  crys- 
talline powder  (consisting  of  fine  needles)  odourless 
and  of  a  sweetish  astringent  taste.  In  the  air  it 
undergoes  no  change.  Heated  it  fuses,  forming 
when  cold  a  homy  semi-transparent  mass,  which  at 
a  higher  temperature  is  completely  yolatiLe  without 
decomposition.  Water  at  the  ordinary  temperature 
dissolves  ^,  boiling  ^  of  this  salt ;  the  solution  hat 
an  acid  reaction.  Alcohol  does  not  dissolve  it.  If 
it  contains  copper  it  acquires  a  greenish  tint  on  be- 
coming moist  in  the  air ;  and  ammonia  causes  the 
deep  blue  solution. 


PLUMBUM  lODATUM. 

Plumbi  lodidum. — Iodide  of  Lead, 
Formula  :  Pbl. 

Preparation,'^-!  Part  of  nitrate  of  lead  is  dissolved 
in  20  parts  of  pure  water  and  mixed  with  a  solution 
of  1  part  of  iodide  of  potassium  in  8  parts  of  water ; 
the  precipitate  is  allowed  to  subside,  thrown  on  a 
filter,  well  washed  with  cold  water  and  dried  with  a 
gentle  heat.    The  product  wiU  be  IJ  parts. 

Acetate  of  lead  cannot  be  substituted  for  the  ni- 
trate as  the  acetate  of  potash  that  results  is  a  solvent 
of  iodide  of  lead. 

EeeapittUation. — ^Nitrate  of  lead  and  iodide  of 
potassiimi  in  their  aqueous  solution  are  mutually 
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decompoced  into  nitrate  of  potaah  and  iodide  a 
l^d: — 

1  at.  PbO  -i-NOs  and  1  at.  KI,  form 
1  at.  Pbl  and  1  at.  KO  +  NO5. 

2069  Parts  of  nitrate  of  lead  require  2076  parts  of 
iodide  of  potassium.  In  this  case  the  whole  of  the 
lead  and  iodine  is  not  precipitated,  the  iodide  being 
slightly  soluble  in  water ;  the  loss  is  however  ha 
less  than  with  acetate  of  lead. 

Properties, — Iodide  of  lead  thus  formed  is  an 
odourless  and  tasteless  yellow  powder.  When 
heated  it  becomes  reddish  yellow,  then  darker,  and 
finally  fuses  to  a  dark  brown  liquid  which  gives  off 
iodine  and  on  cooling  forms  a  lemon-yellow  basic 
compound.  It  dissolves  in  1990  parts  of  cold  and 
in  1330  parts  of  boiling  water;  the  solutions  are 
colourless,  the  hot  one  depositing  as  it  cools  large 
brilliant  golden  scales.  4500  Parts  of  cold  alcohol 
of  80  per  ct.  and  rather  less  of  hot  alcohol,  dissolve 
1  part  of  iodide  of  lead,  forming  pale  straw-coloured 
solutions  ;  the  hot  one  deposits  on  cooling  exces- 
sively fine  glistening  scales.  Ether  acts  on  it  like 
alcohol,  also  giving  a  pale  straw-coloured  solution. 


PLUMBUM   OXIDATUM. 

Plumbi  Protoxidum. — Mtusicot, — Litharge, 

Formitla:  PbO. 

Preparation, — (a)  From  carbonate  of  lead.  This  is 
obtained  as  a  secondary  product  in  many  processes 
(Kali.  Acet.  ;  Natr.  Acet.)  ;  a  porcelain  or  Hes- 
sian crucible  is  §  filled  with  it,  covered  and  exposed 
to  a  gentle  red  heat  until  all  the  powder  has  become 
yeUow,  and  a  small  portion  dissolved  in  nitric  acid 
gives  no  efiervescence.  The  crucible  is  then  re- 
moved, and,  when  cold,  the  contents  transferred  to 
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a  stoppered  bottle.    The  product  from  4  parts  of 
carbonate  exceeds  3  parts. 

(6)  From  nitrate  of  /iea<^.— Nitrate  of  lead  occurs 
as  a  secondary  product  in  some  preparations 
(as  that  of  brown  peroxide  of  lead),  or  3  parts  of 
pure  nitric  acid  1*20,  and  3  parts  of  pure  water  are 
poured  on  1  part  of  finely-shredded  metallic  lead  : 
when  there  is  no  further  action  and  metallic  lead 
still  remains  unacted  on,  the  flask  is  placed  in  a 
sand  bath  until  the  metal  is  dissolved,  filtered  if 
necessary  whilst  warm,  and  set  aside.  After  some 
days,  the  crystals  which  form  are  separated  from 
the  mother  liquor,  and  the  latter  evaporated  to 
obtain  a  fresh  portion.  The  salt  is  spread  on 
filtering  paper  and  dried  with  a  gentle  heat.  It  will 
weigh  about  1^  parts. 

A  porcelain  or  Hessian  crucible  is  now  heated  to 
low  redness,  and  the  powdered  salt  thrown  in  by 
spoonfuls,  taking  care  that  one  portion  is  decom* 
posed  before  another  is  added ;  when  red  fumes  are 
no  longer  given  off  a  moderate  heat  is  continued  for 
^  of  an  hour,  the  crucible  removed,  and  the  contents 
placed  in  a  closed  bottle.  1  Part  of  lead  gives  1^  of 
oxide. 

Recapitulation. — (a)  Carbonate  of  lead  is  a  neutral 
salt  =»PbO  +  COj.  At  a  red  heat  it  gives  off  its  acid, 
acquiring  a  yellow  colour.  The  heat  must  not  be 
too  high,  otherwise  the  oxide  fuses. 

{b)  Metallic  lead  is  readily  dissolved  by  dilute  nitric 
acid ;  3  at.  of  oxygen  from  1  at.  of  acid  combine 
with  3  at.  of  lead,  forming  3  at.  of  oxide,  which 
unite  with  3  at.  of  nitric  acid;  whilst  the  NO,, 
nitric  oxide,  evolved,  coming  in  contact  with  the 
air,  gives  rise  to  the  characteristic  brown  vapours  of 
hyponitric  acid :  — 

3  at.  Pb  and  4  at.  NOg,  form 
3  at.  PbO  +  NO5,  and  1  at.  NOg. 

3882  Parts  of  lead  require  2700  parts  of  anhy- 
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drous  or  10,000  parts  of  nitric  acid,  spec.  grar.  l-iO» 
fiy  the  addition  of  water  the  partial  depontum  of 
the  nitrate  is  prevented.  After  obtaining  serenl 
crops  of  crystals  a  blnish  green  salt  ia  genenSj 
formed  which,  as  containing  copper,  is  not  mixed 
with  that  previously  crystallised.  By  heating,  tiie 
acid  is  given  oS,  and  as  this  cannot  exist  in  m 
anhydrous  state,  it  separates  into  oxygen  and  hypo- 
nitric  acid,  whidi  are  evolved.  On  account  of  the 
force  with  which  the  decomposition  takes  place,  the 
salt  must  be  added  gradually  and  not  at  once.  Par 
the  reason  given  under  (a)  the  heat  must  not  be  too 
great 

Properties, — Pure  oxide  of  lead  is  a  dear  yelloiw 
(canary  yellow),  odourless  and  tasteless  powder. 
Exposed  for  some  time  to  the  air  it  slightly  attracts 
carbonic  acid.  On  heating  it  acquires  a  reddi^ 
colour,  becoming  yellow  again  on  cooling.  At  a 
strong  red  heat  it  fuses  to  a  yellow  transparent 
liquid,  and  forming,  when  cold,  a  yellovrish  red, 
heavy,  opaque  mass,  consisting  of  crystalline  scales. 
By  simply  fusing  oxide  of  lead,  it  is  never  obtained 
in  a  transparent  state  on  cooling,  although  most 
chemical  works  assign  to  it  the  property  ;  this  only 
occurs  when  it  contains  silica,  for  acquiring  which 
Hessian  crucibles  afford  facilities.  The  opaque, 
scaly,  crystalline  mass  is  litharge.  This  is  not  half 
fused,  as  generally  stated,  but  thoroughly  fused 
oxide  of  lead,  as  a  glance  at  its  formation,  by 
volatilizing  lead  from  its  alloys  with  silver  or  gold 
readily  proves.  Water  quite  free  from  air  dissolves 
small  portions  of  lead,  which  again  precipitate  as 
carbonate  when  the  solution  is  exposed  to  the 
atmosphere.  Nitric  and  acetic  acids  dissolve  it 
entirely  to  a  colourless  solution,  if  with  effer- 
vescence carbonic  acid  is  present ;  and  a  blue  tint  to 
the  solution  denotes  copper.  Traces  of  copper  are 
detected  on  adding  ferrocyanide  of  potassium  to  the 
solution  from  which  nitrate  of  lead  has  been  decern- 
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posed  by.  sulphate  of  soda,  if  a  chocolate-coloured 
precipitate  forms,  it  is  present ;  any  iron  present 
should,  previous  to  the  addition  of  ferrocyanide,  be 
removed  by  ammonia.  Iron  is  detected  by  the  red 
colour  which  sulphocyanide  of  potassium  forms 
with  the  nitrate  (vide  Bismuth.  Nitb.).  If  nitric 
acid  leaves  a  portion  of  oxide  undissolved,  and  of  a 
dark  brown  colour,  it  is  peroxide,  and  in  this  case 
the  colour  of  the  oxide  is  a  reddish  yellow  instead  of 
a  clear  yellow.  A  reddish  yeUow  appearance  may 
also  be  the  result  of  heating  too  strongly,  t.  e.  of 
incipient  fusion,  without  any  peroxide  being  pre- 
sent. A  white  residue,  on  treating  with  nitric  acid, 
may  be  due  to  oxide  of  antimony  (in  commercial 
litharge) ;  this  residue  gives  a  metallic  bead  when 
heated  on  charcoal  and  white  fumes,  with  which 
the  latter  becomes  covered.  Silica  also  remains 
undissolved,  but  is  unchanged  when  heated  on 
charcoal. 


PLUMBUM    OXIDATUM  ACETICUM 

BASICUM. 

Liquor  Plumbi  Diacetatis. — Soltttion  of  Basic 
Acetate  of  Lead, 

Formula  :  PbO  +  A,  +  xPbO  +  xAq. 

Preparation, — The  processes  for  this  preparation 
vary  in  different  Pharmacopoeias,  yielding  products 
not  only  varying  in  the  relative  proportions  of  acid 
and  oxide,  but  £dso  in  specific  gravity ;  hence  the 
necessity  for  pharmaceutists  adhering  to  that  con- 
tained in  their  own  national  Pharmacopoeia. 

As  all  the  different  forms  cannot  here  be  noticed, 
three  separate  ones,  ^e  Bavarian,  Prussian,   and 
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Baden  proceesen  are  given,  to  one  of  irliibh  moit  o£ 
the  othen  approxixnate.* 

(«)  Aeeorimg  to  th»  Badm  Phanmaeepma.  6 
Parts  of  sugar  of  lead,  7  parts  of  finely-powdefsd 
litharge,  and  30  parts  of  pore  water,  are  digastsd 
for  one  or  two  days  in  a  closed  flaak  at  a  geiKds 
heat,  being  frequently  agitated ;  filtered  when  cool, 
the  air  bemg  excluded  as  much  am  poasible,  and  ths 
IQtrate  kept  in  a  closed  bottle,  um  spec.  gray,  is 
1-200. 

(6)  Aeeordiny  to  the  Pmstum  Phamuuxpmia.  6 
Parts  of  sugar  of  lead,  3  parts  of  lithnige,  and  SO 
parts  of  water  are  treated  in  the  aame  manner. 
Spec.  gray.  1*240, 

(e)  Aecmrdintf  to  th4  Banarian  PkanmaccpeBia,  6 
Parts  of  sugar  of  lead,  2  parts  of  litharge,  and  11 
parts  of  water ;  treated  in  a  similar  manner.  Spss. 
grav.  I'SOO. 

The  Bayarian  Pharmacopoeia  really  directs  18 
parts  of  water  to  be  used  and  then  evaporated  to  the 
above  spec.  grav. ;  but  by  using  only  11  parts  far 
digesting  the  same  end  is  attained,  and  more  conve- 
niently. 

K  the  solution  is  of  a  bluish  colour  it  must  be 
agitated  with  shavings  of  metallic  lead. 

The  method,  at  one  time  in  general  use,  of 
forming  acetate  of  lead  by  boiling  litharge  with 
acetic  acid  in  copper  vessels,  is  now,  very  propeiiy, 
seldom  employed. 

Recapitulation, — (a)  Sugar  of  lead,  the  neutral 
acetate,  is  capable  of  combining  with  and  dissolving 
2  at.  of  oxide  of  lead ;  so  that  when  it  contains  the 


*  In  the  London  TlisnnaoopoBia  the  proportions  given  sfe 
6^  Muru  of  acetate  of  lesfd.  4  of  Uttaann  and  W  of  water,  la 
which  there  is  a  trifling  excess  of  ozkle  oflead  over  equal  atoma. 
Hie  spea  gnr.  is  giren  as  1*400,  and  the  fbrmnla  tHkodlA 

qmnd  to  OAHgOsffbO  +  xHO»hihaalo  acetate  oflead. 
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largest  possible  quantity  of  oxide  a  tribasic  salt  is 
the  result : —  * 

1  at.  PbO  +  A  +  3H0,  and  2  at.  PbO,  form 
1  at.  3  PbO  +  A,  and  3  at.  HO. 

2370  Parts  of  crystallized  sugar  of  lead  require 
therefore  2788  parts  of  oxide  of  lead,  litharge,  or  6 
of  the  former  to  7  of  the  latter.  In  practice  we 
find  that  with  these  proportions  no  perfectly 
tribasic  salt  will  be  formed,  as  the  sugar  of  lead 
always  leaves  a  portion  of  the  oxide  of  lead  un- 
acted on,  (increasing  with  the  larger  proportion  of 
basic  salt  it  contains),  either  as  pure  oxide  or  car- 
bonate of  lead,  from  the  action  of  the  carbonic  acid 
of  the  atmosphere  on  the  basic  acetate  already 
formed.  The  method  prescribed  in  the  Baden  Phar- 
macopceia  (and  indeed  those  in  the  other  Pharma- 
copoeias) does  not  form  a  perfectly  tribasic  salt ;  it 
is  only  in  the  proportion  of  8  parts  of'  oxide  of  lead 
to  6  of  sugar  of  lead  that  this  is  effected.  This 
method  has  also  the  disadvantage  of  giving  a  con- 
siderable residue  of  thick  matter,  which  mostly  con- 
sists of  tribasic  acetate,  as  weU  as  some  oxide  and 
carbonate,  and  if  this  is  left  on  the  filter  a  loss 
occurs,  whilst  by  washing  to  obviate  the  loss,  the 
spec.  grav.  of  the  whole  preparation  is  reduced. 
To  obtain  a  perfectly  soluble  and  uniform  tribasic 
acetate  of  lead,  the  proportions  of  water,  as  well  as 
oxide  of  lead,  must  be  increased.  The  solution  of 
the  oxide  of  lead,  by  acetate,  occurs  with  equal  cer- 
tainty at  the  ordinary  temperature,  but  is  facilitated 
by  heat.  The  air  is  of  course  to  be  carefully 
excluded,  as  the  carbonic  acid  it  contains  converts 
the  basic  compound  into  insoluble  carbonate,  and 
soluble  neutral  acetate  : — 

*  I  have  never  been  aUe  to  form  a  salt  containing  6  bU  of 
baae  6FbO  +  A. 

AAA 
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3  at.  3PI>0  + A,  4  at.  CO,,  and  2  at.  HO,  liana 

3  at.    PbO  +  A,    and    2   at.    2(PbO  +  COJ  + 
(PbO  +  HO.) 

For  this  reason,  the  formation  of  the  basic  acetate 
by  boiling  in  the  air  cannot  be  recommended.  IS, 
as  is  often  the  case,  the  litharge  cofntaina  oxide  of 
copper,  this  is  dissolved,  and  tibie  preparatioii  has  a 
blue  colour.  Metallic  lead  reducea  the  oxide  of 
copper,  precipitating  it  in  the  metallic  state,  an 
equiyalent  of  lead,  combined  with  the  oxygen  from 
the  copper,  remaining  dissolved. 

(6.)  The  proportions  in  the  Prussian  Phanna- 
copceia  between  sugar  of  lead,  and  oxide  of  lead, 
are  2  at.  and  rather  more  than  1  at.,  or  4740  and  1580. 
By  taking  into  consideration  the  trifling  residue,  this 

acetate  is  a  sesquibasic  salt  «3PbO  +  2A. 

(c.)  hi  the  Bavarian  PharmacopoBia,  the  propor- 
tions being  the  same,  the  salt  is  also  sesquibasic,  the 
difference  being  that  the  solution  is  more  concen- 
trated, 19  parts  containing  as  much  lead  salt  as  28 
parts  of  the  other  acetates. 

Properties, — Basic  acetate  of  lead  is  a  trans- 
parent liquid,  having  a  strong  alkaline  reaction, 
odourless,  and  of  a  sweet  astringent  taste.  Its 
spec.  grav.  and  composition  vary  according  to  the 
different  forms,  but  it  is  weU  to  remark  that  none 
of  the  methods  yield  a  perfectly  tribasic  acetate  of 
lead.  With  recently  boiled  (free  from  carbonic  add) 
distilled  water,  the  acetate  of  lead  is  miscible, 
without  becoming  turbid ;  with  water  that  has  been 
exposed  to  the  air  it  becomes  opalescent,  carbonate  of 
lead  depositing,  and  neutral  acetate  remaining  in 
solution.  Spring  water,  which  contains  sulphates 
and  carbonates,  as  well  as  free  carbonic  acid,  giTes  a 
denser  white  precipitate  of  stdphate  and  camoiate 
of  lead,  the  chlorides  also  present  form  chloride  of 
lead,  but  this  is  not  in  sufficient  quantity  to  precipi- 
tate.    When  exposed  to  the  air,  basic  acetate  of 
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lead  becomes  coyered,  from  the  action  of  the  car- 
bonic acid,  with  a  white  pellicle  of  carbonate,  which 
after  a  time  precipitates,  and  is  renewed ;  hence  the 
necessity  of  keeping  the  preparation  in  well-closed 
-vessels.  A  bluish  colour  indicates  copper^  arising 
from  the  litharge ;  a  yellow  colour  is  generally  due 
to  extractive  matter,  from  using  common  yinegar, 
or  iron  (also  from  the  litharge).  The  copper  is  most 
readily  determined  by  treating  with  excess  of  am- 
monia, and  if  the  solution  is  blue,  supersaturating 
with  acetic  acid,  and  testing  with  ferrocyanide  of 
potassium,  when  a  chocolate  precipitate  will  be 
formed.  Sulphocyanide  of  potassium,  added  to 
acetate  of  lead,  supersaturated  with  acetic  acid,  will 
give  a  red  colour  if  iron  is  present.    (Vide  Bism. 

NlTE.) 


PLUMBUM   OXIDATUM  MARGARINICUM 

ET  OLEINICUM. 

Plumhi  Margaras  et  Oleas. — Emplaatrum  Phtmbi, — 
Margarate  and  Oleate  of  Lead, — Lead  Plaster, 

FOKMULA : 
2(2PbO  +  CgeHasOg)  +  (2PbO  +  C34H33O3). 

Preparation  (a.)  —  With  Litharge,  6^  Parts  of 
very  finely  powdered  litharge  are  mixed  with  If 
parts  of  water  in  a  copper  or  earthen  vessel,  and 
gentiy  warmed.  At  the  same  time  10  parts  of  olive 
oil  are  weighed  into  a  copper  vessel,  capable  of  con- 
taining 50  parts,  and  heated,  at  first  gentiy,  until  it 
begins  to  fume  and  crackle,  when,  with  constant 
stirring,  the  warm  mixture  of  litharge  and  water  is 
added  in  very  small  portions,  taking  care  that  one 
portion  is  nearly  dissolved,  or  that  no  more  bubbles 
or  aqueous  vapours  are  evolved,  before  another  is 
added.    After  the  addition  of  the  last  portion,  heat 
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for  a  few  minutes,  withdraw  a  small  portioiiL  and 
knead  it  under  ^-ater ;  if  it  is  readUy  worked, 
without  imparting  a  milkiness  to  the  i^ater,  the 
whole  is  allowed  to  cool,  and  znoulded  to  the 
required  form.  If  the  test  is  unsatisfiEurtoiy,  the 
boiling  is  continued,  with  the  occasional  addition  of 
an  ounce  of  warm  water,  but  a  quarter  of  an  hour 
should  be  ample  time. 

(6.)  irt^A  Basic  Carbonate  of  Lead,  7  Parts  of 
wliite  lead,  3  parts  of  water,  and  10  parts  of  oliye 
oil,  are  combined  as  directed  under  (a.) 

Most  Pharmacopoeias  prescribe  a  larger  quantity 
of  carbonate  of  lead ;  this  excess  cannot  enter  into 
combination,  but  remains  in  admixture. 

BecapituIatioH  (a.) — Olire  oU,  as  shown  under  the 
article  Natkium  Oxidatum  Maroarikicum,  &c.,  is 
a  mixture  of  about  70  parts  oleine,  and  30  parts 
margarine,  its  equivalent  being  4301  parts.  TVhen 
hot  oliye  oil  is  mixed  with  water  and  oxide  of  lead, 
the  latter,  being  a  stronger  base,  combines  with  the 
margaric  and  oleic  acids  in  the  oil,  the  base  in  the 
oil.  Glycerine,  is  liberated,  and  combines  with  1  at. 
of  water  to  form  a  hydrate.  The  lead  compounds 
thus  formed  are  insoluble  basic  salts ;  2  at.  of  oxide 
being  combined  with  1  at.  of  acid  : — 

2  at.  CjH^Oj  +  CaeHasOa  (Oleine),  1  at.  CeH,Oft 
+  C.^HjsO,  (Margarine)  6  at.  PbO,  and  3 
at.  HO,  form 

2  at.  2PbO  +  CaeHajOa,  1  at.  2PbO  +  C34H„0„ 
and  3  at.  0^11,05  + HO. 

13203  Parts  of  olive  oil  require  8364  parts  of 
oxide  of  lead,  and  338  parts  of  water,  or  10  parts 
of  olive  oU,  63  oxide  of  lead,  and  ^  part  of  water ; 
the  latter  must,  however,  be  considerably  increased, 
as  the  new  compound  forms  but  slowly,  allowing 
tiie  greater  part  of  the  watpr  to  evaporate,  which 
has  the  good  effect  of  prerenting  the  mixture  from 
becoming  too  hot,  and  boiling  over,  or  igniting. 
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Without  the  addition  of  water,  the  oleic  acid  is  not 
separated  from  the  glycerine,  and  no  plaster  forms  ; 
if  a  portion  of  plaster  is  formed  when  no  water  has 
been  added,  it  is  because  oil. always  contakus  a  small 
quantity,  and  the  remainder  must  have  been  derived 
from  the  elements  of  the  oil.  There  being  greiit 
disadvantages  in  omitting  the  water,  this  process 
has  no  practical  value.  In  the  method  here  given, 
the  formation  of  the  plaster  is  rapid  when  the 
oxide  of  lead  is  in  very  fine  powder ;  the  mixture  of 
the  latter  with  water  must  be  added  warm,  other- 
wise, at  the  moment  of  contact  with  the  hot  oil,  a 
spirting  and  boiling  up  of  the  mass  ensues,  from  the 
sudden  formation  of  aqueous  vapour.  Stirring 
facilitates  the  combination,  by  intimately  mixing  the 
particles,  and  prevents  any  from  adhering  to  the 
bottom  of  the  vessel.  To  a  practised  workman  the 
tenacity  and  consistence  of  the  mass  indicates  when 
it  is  entirely  formed,  and  this  is  more  satisfactorily 
ascertained  by  kneading  a  portion  of  it  under  water; 
if  the  water  becomes  turbid,  free  oxide  is  present, 
and  oil  globules  will  rise  to  the  surface,  and  this 
necessitates  a  continuance  of  the  boiling,  with  the 
addition  of  a  little  warm  water.  Lead  plaster  is 
often  prepared  by  mixing  the  lead  and  oil,  then 
heating,  and  occasionally  adding  water ;  the  method 
previously  described  will  be  found  the  most  certain, 
and  quickest. 

In    moulding    up  the    plaster    with  water   the 
glycerine  will  be  washed  away. 

(6.)  In  reviewing  the  process  in  which  white  lead, 

basic  carbonate    =2(PbO  +  COa)+ (PbO  +  HO),   is 

made  to  replace  litharge,  it  is  only  necessary  to  add  to 

the  above  explanation  that  carbonic  acid  is  evolved : 

2  at  CgH^Ofi  +  CaeHgcOa,  1  at.  CeH^Oj  +  C34H33O3, 

2  at.    (2PbO  +  C02)  +  (PbO  +  HO),    and 
1  at.  HO,  form 

2  at.  2PbO  +  CseHagOa,  1  at.   2PbO  +  C«4H3303, 

3  at.  C^H^Og  +  HO,  and  4  at.  CO^. 

A  A  A  2 


:  !tf!!^£  Tar»  of  oiHTe  oQ  ivqsire  9eM  pntocC  cv- 
^KULKif  :i  jctftd.  »^  10  parts  to  7.  In  tliM  eve  &e 
aco.-o.  »  iaz^-m-er,  fr?3i  the  oxide  bein^  in  eoBBlniatioi 
^ri^  rarbncii:  »na.  wric^  »  not  in^dSty  drives  off 
W  ibe  iftny  *rid ;  ihe  Mtion  »  &nt  induced  br  &e 
taoB.  sd  free  oxi^c  in  il»-  wkixe  lekd.  Xemnl  cs- 
Vcmtfif  :£  jekd  .FbO  -  COA  ns  VimSham  afaeadrob- 
MCTt^  Kiid  I  cfiT  can£rsi,  giTes  a  i»«<J*imi  pi^^^^ 
'viax-l  r-aLt&zxi5  '^•izi  &  san^H  portkm  <Mf  the  &ttT  — ^ 
cif  ifikd.  1*  »  eri5£3i'L  bom-eTer,  thai  the  neotnleff- 
bcmktc  cd  ie*d.  viJc-1  i>  aften  obudned  as  a  lesidiuiy 
jirk*«c&:n.  r^T  be  nxadf  applicahje  to  the  mann&ctaR 
cd  Tkiascc?  r-T  ibe  adihaaoi  of  \  lishMrge^  Witb  bMK 
rK^yir.fcT'*  id  icad  a  rertizn  qiuntixx  ai  lixhane  ■ 
pf!L'er&I2T  preboibed.  b&t  fsnbo-  thjui  to  ^  *■*»■»  A* 
pr.v*c>«^  tL»  addition  »  iizinectessaiy. 

/^•"YHiff^^m  — Lead  piUster  from  aaade  is  a  xeHkaW' 
inL  'vbise-  sutf&.  Ix^ile  'vrbec  oold,  plastic  piif 
^£jiii.  inscL^biie  is  w^ter  or  al«iboX,  and  pardaUf 
<^-khi^ije  in  e^bc?.  tbe  msrgaxmie  of  lead  Conning  tiK 
Kifadiie.  I^  jufisser  frooa  cirboaude  is  i^iite,  with, 
vbn:  ^«cb2T  prpptzvd.  a  izace  of  silTer  gzar,  tihii 
i:  jwt»  asL  expctcriiiY  to  tbe  asr.  Both  ai«  chemi- 
cillT  idf^siiirxl.  tbe  etSa^ence  zn  ooiloQr  arising  fits 
ibe  «-l.rf  jfad  besn£  a  piirer  snbstanoe  tii— 
Lib&rxTf.  VLdr^  eeserilhr  contains  oxide  of  iioa 
and  r:opes-.  I  bave  seen  pilaster  prepared  tnm 
iiUiarirf  <c  iriiif  a$  noi  to  be  distingnisbable  tnm 
tbai  T»irfTu;«si  w:iii  wijic  lead ;  this  is  wben  qidte 
pure  :x.>5f  bas  be^:  eizcpiJored.  A  darker  coloar 
'vili  bf  dn '  TO  cdn.  co*  bnmiTxg  dixriiis  its  mann&e* 
r&«.  /"-w  M-fOi  cir  nc'^.mcxf  c-f  Mstf  is  not  almvs 
to  b;  iie:*^^f»d  It  kneamug  wiJi  irater,  as  bodi 
p^asnes^  irxL  tb«r  tenacity,  may  retain  it  so  firmlT 
tba:  :be  -traics-  is  nc<  rendered  tnrbid.  In  lithanee 
piaster  ibe  ex^esf  mar  be  delected  br  tbe  naked 
eye,  Vtl:  in  vbitt-  lead  planer  only  on  dieestzME 
'•riib  <^£r.  wbicb  dissolve  the  cJeaie,  karing^e 
mai^raraxe  cd  lead  and  exoess  of  carbonate  ;   if  tl>W 
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instead  of  a  tenacious  mass,  forms  one  that  can  be 
readily  powdered  and  becoming  discoloured,  white 
lead  is  present ;  if  the  white  lead  is  pure,  this 
crumbling  mass,  when  heated  on  charcoal,  is  entirely 
reduced  to  a  globide  of  metal,  the  margaric  acid 
burning.  If,  besides  the  metal,  a  white  powder  re- 
mains, this  may  be  Jieavy  spar,  chdUc^  or  gypaumt 
with  which  the  white  lead  was  contaminated.  To 
determine  the  nature  of  this  impurity  more  fully, 
the  plaster  is  heated  in  a  i>orcelain  crucible,  to  bum 
off  the  organic  matter ;  the  oxide  of  lead  is  thus 
reduced  to  a  metal,  the  chalk  remains  unchanged, 
the  heavy  spar  and  gypsum  are  reduced  to  sul- 
phurets,  but,  when  the  carbon  is  all  consumed,  are 
again  converted  into  sulphates  by  the  oxygen  of  the 
air.  On  agitating  the  residue  with  water  the 
gypsum  dissolves,  and  oxalate  of  ammonia  and 
cUoride  of  barium  cause  a  turbidness  in  the  solu- 
tion ;  effervescence  with  hydrochloric  acid  in 
another  portion  indicates  chalk;  whilst  an  insolu- 
ble portion,  giving  no  reaction  in  either  case,  is 
probably  Tieavy  spar. 


PLUMBUM   SUPEROXIDUM   BRUNEUM. 

Peroxide  of  Lead. 
Formula  :  PbO^, 

Preparation, — 2  Parts  of  Minium  are  mixed  in  a 
capacious  porcelain  dish  with  4  parts  of  pure  water, 
4  parts  of  pure  nitric  acid,  spec.  grav.  1*20,  added 
with  constant  stirring,  and  the  whole  allowed  to 
digest  in  a  sand  bath  for  one  day ;  sufficient  water 
is  then  added  to  bring  the  weight  up  to  12  parts; 
it  is  then  poured  into  a  cylindrical  vessel  to  subside. 
The  supernatant  cleai^  liquor  is  decanted,  the  dark- 
brown  residue  thrown  on  a  filter,  thoroughly 
washed  with  water   (until  the  liquor  passing  off 


ult ;  tuid  beudes  thii,  mininTn  of  commerce  almji 
contaiiu  s  c«rUin  pottioii  of  carbonate  of  lead,  H 
U  Been  by  ibe  effferresceiue  on  the  additimi  of  tlie 
Bcid.  To  this  carbonate  of  lead  may  be  ascribed 
the  ■mallei  product  of  peroxide  than  calculation 
would  lead  ub  to  eipeet.  Nitric  acid  exerts  a  tetj 
energetic  action  on  minium ;  digestion  for  aoate 
houis,  however,  is  necessary  to  free  it  from  the  U»t 
traces  of  oxide,  Any  foreign  metallic  oxides,  u 
oxide  of  copper,  peroxide  of  iron,  are  at  the  same 
time  diasolyed.  By  dilution  witli  -water  the  crys- 
tallisation of  the  nitrate   of  lead   formed  is   pre- 

Th^  nitrate  of  lead  is  obtained  by  crystaUiiation 
5^  the  wash  water ;  the  last  portions  of  mother 
J?"  ,  which  generally  contidn  copper  or  iron,  are 
Quory  ^^^y  On  an  average,  the  salt  equals  in 
"''owl'  jhe  minium  employed. 

^ight  ^«<».— Peroxide  of  lead  is  a  heavy  puoe- 

.    ADp/^owder,  odooile»»  8n*taateleaa.      It  under- 

*li  tf^^B*  in  the  air,  but  in  direct  sunlight  it 

foes  J  "^/fixj^ea,  becoming  partially  convened  into 
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oxide.      At  a  gentle  red  heat  it  eTolves  half  its 

oxygen,  piire  oxide  remaining.    In  water,  alcohol, 

Ticetic  or  nitric  acids,  it  is  perfectly  insoluble,  whilst 

lydrochloric  acid  decomposes  it,  forming  water  and 

hloride  of  lead,  and  evolving  chlorine  : — 

1  at.  PbOa,  and  2  at.  HCl,  form 
1  at.  PbCl,  2  at.  HO,  and  1  at.  CI. 


QUmiNUM  PURUM. 

Pure  Qtamine, 

+ 
Formula  :  C^oHijNOg  +  3H0  =  Q  +  3H0. 

Preparation. — Sulphate  of  quinine  is  dissolved, 
-with  the  assistance  of  a  few  drops  of  dilute  sul- 
pliuric  acid,  in  twenty  times  its  weight  of  distilled 
i/trater,  and  caustic  soda  solution  added  by  drops 
XLntil  the  liquid  acquires  a  clearly  alkaline  reaction, 
and  a  filtered  portion  is  not  rendered  turbid  by  the 
soda  solution.  The  pulvemlent  precipitate  is 
allowed  to  deposit,  collected  on  a  filter,  well 
-veashed  with  distilled  water,  and  dried  by  a  gentle 
heat.  10  Parts  of  sulphate  yield  7  parts  of 
quinine. 

Recapitulation, — The  ordinary  (officinal)  sulphate 
of  quinine  is  a  basic  salt,  consisting  of  2  at.  qui- 
nine, 1  at.  sulphuric  acid,  and  10  at.  water  ;  it  dis- 
solves with  difficulty  in  water,  unless  converted 
into  a  neutral  or  acid  salt ;  hence  the  addition  of 
dilute  acid.  The  soda  abstracts  all  the  acid,  the 
quinine  precipitating  as  a  hydrate. 

Potash  and  ammonia  are  not  so  applicable  to  the 
precipitation  of  quinin^  as  both  of  them  dissolve  it, 
although  in  small  proportions. 

Properties. — Quinine  obtained  by  precipitation  is 
a  snow-white  crystalline  powder,  odourless,  and  of 


k  mjr  bitter  taate.  It  ecdonn  moutoned  t 
fptt  blown.  Heated  it  Aues,  lose*  iti  wata 
on  ^''"'■"g  solidifle*  to  *  nsiooiu  trampuent  i 
at  a  higher  temperature  it  becontea  black  aiid  1 
completely,  letning  no  reaidne.  Water  diM 
<aij  traces  of  it ;  lOong  alcohol  diaaolvea  it  e 


greatest  readiness.  Ita  behaviour  willt  chl 
and  ammonia  is  Tery  chaiacteriatic  :  on  rubbing 
quinine  with  chlmine  water,  and  theo  adding  ci 
ammonia,  a  dark  g;ras8-|Teen  flocculent  prec^ 
Ksulta.  From  its  bigh  price  it  ia  freqs 
adulterated.  CinehoHine  ia  present  if  the  rei 
on  eihauatioa  with  ether,  readily  disaolTea  in 
hoi  or  dilute  acids,  fonning  a  Tery  bitter  adli 
If  the  reaidne  is  oot  soluble  in  dilute  add*,  m 
tafastancea  may  be  present ;  gtpn«K,^  if  ft  n 
on  beating  diMolTe*  m  a  large  quantity  of  ^ 
pho^hatt  of  Ume,  when  it  is  Bohibltt  011I7  in  : 
dc  hydrochlorio  acida;  cAott,  if  theM  pv 
cArrescence  and  diMolvet  ttareh,  -wbtn  i 
oausea  a  blue  celourinit;  and  so  on.     {VU§  ( 


QUmmUM  SULPHURICUM. 
Quuia  Dinitphat. — DUalphatt  of  Qumuu. 


•  Tbs  rttfdue  tram  ■quaoni  Inftvloii*  oootaln  mart  1 
oiilslne,  and  mar  ba  sdtaiitanoiMl;  enptoin  hr  lAan 
tbta.  AqauUtTlMi  tbanUHnniSiihoiddiWTabstv 
on.  OtttMli  buk.  tha<l«eciticiMlatoIwelioa«D,Hl 
taloTpar>laaaMt3rt«niiMthailInmniB).titha  i^isri 
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200  parts  of  water,  in   which    1   part  of  concen- 
trated sulphuric  acid  has  preyionsly  been  mixed, 
for  one  day,  at  a  gentle  heat,  strained  in  a  linen 
bag,  the  residue  strongly  pressed,  treated  a  second 
time,  with  150  parts  of  water  and  j  part  of    sul- 
phuric acid,  and   a  third  time,  witli  150  parts  of 
pure  water.    The   liquids   are  boiled  in  the  same 
vessel   to   50   parts,   allowed  to  rest  quietly   for 
some  days,  filtered,  and  supersaturated  with  caustic 
soda  solution.     When  the  soda  solution  no  longer 
causes   a  turbidness,  the  precipitate  is  allowed  to 
subside,  collected   on   a  ^ter,  washed   with   cold 
water,  and  dried.    The  dried  mass  is  finely  pow- 
dered, digested  with  10  times   its  weight  of  alco- 
hol  of  90  per  ct.,  with  a   gentle  heat  for  1  day, 
filtered,  and   the  residue  well  washed  with  alco- 
hol ;   sufficient  sulphuric   acid   is   now   added  to 
give  a  faintly  acid  reaction  to  the  alcoholic  solu- 
tion, then  one-fourth  its  weight  of  water  and  the 
alcohol  distilled  off.      The  residual  aqueous  solu- 
tion, which   contains   a  mass    of  fine  crystals,  is 
poured    into    a    porcelain   dish,    and    the    retort 
rinsed  with  water ;  the  dish  is  warmed  on  a  sand 
bath    as   long   as   its    contents   smell  of  alcohol ; 
it  is   then  placed  in  the  cool  for  some  days,  the 
crystalline   mass    thrown    on    a    cloth,    and     the 
coloured  liquor  removed  by  pressure.    The  yellow 
crystals   are   formed  into   a   magma   with  water, 
again  pressed,  warmed   with  a  large  quantity  of 
water,  and   caustic   soda   solution   added   until   a 
strong  alkaline  reaction  is  obtained  ;   after  digest- 
ing some  hours,  the  yellow  precipitate  is  thrown 
on  a  filter,  washed,  dried,  dissolyed  in  alcohol  of 
90  per  ct.,    the   solution   filtered,    sulphuric   acid 
added  as  before,  then  water,  and    the   spirit   dis- 
tilled  off,  the   residual    mass   freed  from   mother 
liquor  by  pressure,  and  dried.     If  not  yet  white 
the  same  treatment,  with  caustic  soda,  &c.,  must 
be  repeated,  wh^i  it  will  be  obtained  quite  pure. 
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The  yield  Tariee,  ranging  between  1  and  8  perct 
of  the  bark  used. 

In  general  the  alkaloid  ia  thrown  down  with 
lime  instead  of  soda,  when  of  course  hydrochloric 
acid  must  be  substituted  for  sulphuric ;  this  en- 
tails a  slight  loss,  the  quinine  being  somewhit 
9tA\iUe  in  lime  water  as  well  as  in  caustic  potash 
and  ammonia ;  soda  possesses  the  advantage  of 
ahstracting  the  colouring  matter  better  than  the 
other  alkalies,  and  not  dissolving  any  of  the 
alkaloid. 

Reeeg^itulatian.—Qmnme,  together  v^th  a  little 
cinchonine  is  found  in  cinchona  bark,  combined 
with  tannic  acid;  this  compound  is  slightly  solu- 
ble in  boiling  water,  but  readily  so  in  dilute  acids; 
the  solutions  yield  to  soda  a  precipitate  of  the 
alkaloids  combined  with  some  of  the  tannin  (more 
or  less  decomposed)  named  quina  red,  the  greater 
part  of  this  latter  substance  remains  in  the  alkaline 
solution.  Strong  alcohol  takes  up  the  alkaloid  (to- 
gether with  the  greater  part  of  the  adhering  colour- 
ing matter),  with  which  sulphuric  acid  forms  a 
sulphate.  After  removing  the  alcohol,  the  greater 
part  of  the  quinine  (as  a  basic  sulphate)  crystal- 
uses  ;  the  sulphate  of  cinchonine,  with  most  of  the 
colouring  matter  and  a  little  sulphate  of  quinine, 
remains  in  the  mother  liquor.  The  further  treat- 
ment, to  effect  the  entire  purification  of  the  salt, 
requires  no  further  explanation. 

The  mother  liquors  are  mixed,  treated  with  ex- 
cess of  soda,  and  the  precipitation  (impure  quinine 
and  cinchonine^  reserved  for  the  next  preparation  of 
quinine  ;  or  it  is  precipitated  with  caustic  anmionia, 
tiie  resinous  mass  (a  combination  of  quina  red,  tan- 
nin, resin,  &c.)  well  washed  with  water,  dried  and 
used  as  chinoidine. 

Properties, --"Pvae  sulphate  of  quinine  is  a  white, 
light  salt,  consisting  of  fine  needles,  belonging  to  the 
oblique  rhombic  system.    It  is  odourl^s,  but  of  an 
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intensely  bitter  taste.  Heated  it  readily  fuses, 
giying  off  8  at.  of  water  and  retaining  2  at. ;  at  a 
higher  temperature  it  becomes  red  and  bums  with- 
out a  residue.  In  cold  water  it  is  but  slightly  so- 
luble, requiring  740  parts,  but  dissolyes  in  30  parts 
of  boiling  water.  The  solutions  have  a  neutral 
reaction.  A  slight  addition  of  acid  assists  its  solu- 
bility in  water  to  a  great  degree.  In  alcohol  it  is 
much  more  soluble ;  ether  takes  up  very  little  of 
it.  In  commerce  it  is  often  found  impure  and 
adulterated.  Cinchonine  is  known  by  shaking  with 
5  parts  of  water  and  1  part  of  ammonia,  filtering, 
washing  the  precipitate  and  agitating  it  with  ether, 
when  this  alkaloid  will  cause  the  solution  to  be  tur- 
bid. By  ammonia  the  salt  is  decomposed,  quinine 
and  cinchonine  are  thrown  down,  the  former  being 
soluble,  the  latter  insoluble  in  ether ;  the  precipi- 
tate must  of  course  be  first  freed  by  washing,  from 
the  sulphate  of  ammonia  formed,  as  this  is  also  in- 
soluble in  ether.  Salicine  is  detected  by  the  blood- 
red  solution  it  forms  with  cold  concentrated  sul- 
phuric acid,  with  which  starch,  auffar,  ttearine,  or 
other  organic  matters  are  on  the  other  hand  coloured 
brown  or  black.  Sugar  imparts  a  sweet  taste  to 
water ;  starch  and  stearine  remain  dissolved  by  di< 
lute  sulphuric  acid,  the  former  gives  a  blue  colour 
with  iodine,  the  latter  fuses  to  an  oil  in  hot  water. 
Gypsum,  chaUc,  and  phosphtUe  of  Ume  are  known  by 
their  insolubility  in  alcohol,  and  not  being  affected 
on  heating.  Borax  also  remains  on  heating  the  salt 
to  redness,  and  forms  with  alcohol  a  solution  burn- 
ing with  a  green  flame. 
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QUININUM    TANNl 

Tannatt  <!f  Quimitu 
FomMCLA : 
C;„Hi;NO;  +  2C,sH^0„  -( 
Pnpnratioii.~2  Firts  of  aulphat 
t«bb«d  with  48  pnrti  of  diatilled  w 
phvric  acid  is  ailded  b;  drops  until 
tolRd,  uid  an  aqueous  aolulion  of  t 
long  ■>  a  precipitate  i>  formed.     4   Z 
will  be  lufficient.     Hie  precipitate  L 
flltn,  waihed  with  water  undl  the  1 
offhu  only  a  feeble  acid  reaction,  the 
•  gentle  heat.    Ita  weight  will  equal  S 
Baeapitalalian. — Tannin  forms   with 
inaolutale  bi-ult : — 

1  at.  2i;i  +  S0j+  lOHO  and  4  at,  1 
3  at.  Q  +  2f«,  1  at.  SO,,  and  10  at 
H75  Parts  of  nilphate  of  quinine  requ 
10,600  puts  of  tanmn.  The  washing  i 
continued  when  the  liqnor  passing  thrc 
t«  is  only  slightly  aoid,  otherwise  fl- 
being  somewhat  soluble  a  loss  will  occu 
Proptriiei.—Tannate  of  quinine  is  s 
white  and  [when  magnified)  crystalli 
poasesiing  at  first  an  astringent,  Bflent 
manent  bitter  taste.  'When  heated  it  fiu 
brawn,  carbonizes,  and  finally  bum*  wit 
due.  1  Part  dissolves  in  453  of  cold  ai 
of  hot  water  ;  the  solution  is  colourless 
add  reaction  and  an  astringent  bitter  t 
alcohol  of  80  per  ct.  forms  with  ^  its  wt 
nate  of  quinine  a  pale  sliaw-colouied  ao 
alcohol  dissolves  half  its  weight.  DUui 
acid  in  the  cold  has  scarcely  any  action 
of  quinine^  but  on  wanning  the  quinine 
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the  sulphiiric  acid,  the  tannin  separating  and  quickly 
disappeaiing ;  on  cooling  the  tannin  and  quinine 
again  combined,  form  a  yellowish  precipitate. 


QUININUM   VALERIANICUM. 

Valerianate  of  Quinine, 

Formula :  + 

2C20H12NOJJ  +  C10H9O3  +  4H0  +  20Aq= QjVa  + 

4H0  +  20Aq. 

Preparation, — 1  Part  of  pure  yalerianic  acid  (the 
terhydrate)  is  dissolved  in  a  flask  with  180  parts  of 
water,  3  parts  of  pure  quinine  added,  (when  recently 
precipitated  and  moist  it  dissolves  most  readily,) 
heated  nearly  to  boiling,  filtered  whilst  hot,  and  ihe 
filtrate  placed  in  the  cold.  After  some  days  the 
crystals  which  form  are  separated  from  the  mother 
liquor,  the  latter  evaporated  but  at  a  temperature 
under  120°  Fah.,  and  the  salt  dried  with  a  very 
gentle  heat.    The  yield  is  about  5  parts. 

Recapitulation, — Quinine,  especially  when  re- 
cently precipitated,  is  readily  taken  up  by  valerianic 
acid  to  form  a  basic  salt : — 

+  _ 

2  at.  Q  +  3H0  and  1  at.  Va+  3H0,  form 

1  at.  Q^  + Va  +  4H0,  and  5  at.  HO. 

4725  Parts  of  hydrate  of  quinine  require  therefore 
1600  parts  of  the  terhydrated  acid.  Besides  the  4 
at.  of  water  of  hydration,  the  salt  will  take  up  20  at. 
as  water  of  crystallization  ;  but  it  must  be  evapo- 
rated at  as  low  a  temperature  as  possible  otherwise 
instead  of  crystals,  the  surface  of  the  liquid  and  th^ 
sides  of  the  dish  become  covered  with  oily  beads  of 
a  greenish-grey  coloiu',  which  are  the  hydrate  of 
the  salt  (with  4  HO).    These  in  the  warm  form  a 
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distilled  over.  When  thoroughly  cool  (about  the 
third  day)  the  contents  of  the  still  are  placed  in  an 
apparatus  arranged  as  in  the  accompanying  cut ;  a, 
is  an  oaken  yat,  in  the  side  of  which,  and  close  to 
the  bottom,  is  a  cock, 
b, ;  c.  is  a  false  bot- 
tom, perforated  with 
holes,  and  supported 
by  four  pegs  about  2 
inches  long;  it  is  co- 
vered with  a  piece  of 
coarsefiannel,on  which 
the  digested  mass  is 
placed  ;  the  spirit  that 
has  distilled  over  is 
then  rinsed  round  the 
still,  and  poured  on 
it,  another  perforated 
disk  (e,)  is  now  placed 
on  the  top,  well  pressed 
down  with  a  stone,  and 
the  vat  closed  perfectly 
with  a  cover,  in  the 
centre  of  which  is  fitted 
air-tight  a  tin  plate 
funnel  tube  (/),  se- 
veral feet  long;  the 
cracks  between  the 
cover  and  the  vat  are 
luted  with  clay.  As 
soon  as  the  alcoholic 
liquid  has  escaped  by 
the  tap,  a  fresh  supply 
of  alcohol  is  added 
tlirough    the    funnel, 

and  this  is  repeated  until  what  passes  off  has 
but  little  colour,  and  gives  no  turbidness  with 
water.  The  tinctures  are  then  returned  to  the 
still,   water  I  the  weight  of  the   root  employed 

♦  B  B  B  2 


658  mmvA  JAX.AP. 


Added,  and  the  wbdle  of  the  alcohol  dimwn  cffor. 
The  ftill  is  allowed  one  day  to  cool,  the  i»«*«i— »«»«i 
resin  is  then  separated  from  the  bfiown  aqneoai 
liquid,  and  placed  in  a  copper  Tpoacl,  wadied  acrewl 
times  with  hot  water,  and  ey^porated,  stuiing  con- 
stantly with  a  wooden  spatnla,  until  a  small  portion 
withdrawn  becomes  brittle  on  codling.  The  avenge 
yield  is  firom  12  to  14  per  ct.  of  the  weight  of  tbt 
root. 

To  get  back  the  alcohol  which  remains  in  the 
root,  the  latter  is  washed,  in  the  same  Tmncl,  with 
water  as  long  as  the  liquor  which  mna  off  tastes  of 
spirit,  this  is  then  distilled. 

If  sereral  quantities  are  digested  one  alter  the 
other,  a  saving  of  spirit  is  efifected  by  Hia^^Hng  qqIj 
the  first  saturated  tinctures  with  water,  and  using 
the  last  more  dilute  ones  for  exhausting  and  washing 
a  fresh  portion  of  root. 

The  method  yery  often  recommended,  of  treating 
the  root  with  water  previous  to  digesting  with 
alcohol,  in  order  to  obtain  a  larger  yield  and  a  paler 
resin,  I  have  not  found  to  succeed.  It  entails  moie 
labour,  the  resin  is  no  paler,  and  the  product, 
instead  of  being  greater,  is  less  in  several  experi- 
ments that  I  have  made.  This  result  is  not  strange, 
for  although  a  jalap  resin  is  quite  insoluble  in  pure 
water,  yet  this  menstruum  takes  up  extractive, 
gummy,  andsaccharinematterfrom  the  root  whilst  tiie 
resin  forms  an  emulsion  in  the  solution,  and  is  lost. 

The  fibrous,  fusiform  Jalap  root  (Ipomcna  Orisa- 
bensis),  which  goes  by  the  improper  name  of  Jalap 
stalks,  "Stipites  Jalaps,"  yields  a  resin  scarcely 
distinguishable  from  that  of  the  thick  knotty  root 
in  appearance  or  medicinal  effects,  but  differs  some- 
what in  its  chemical  properties.  The  yield  of  resin 
is  in  general  scarcely  6  per  ct.,  sometimes  as  high 
as  9  per  ct. ;  formerly,  when  it  first  became  a  com- 
mercial article,  I  have  obtained  as  much  as  1 1  or 
12  per  ct.    The  reason  of  this  considerable  differ- 
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ence  is  owing,  I  suspect,  to  less  care  being  taken 
in  separating  the  worthless  roots. 

Recapitulation, — Jalap  resin  exists  in  an  uncom- 
bined  state  in  the  roots,  and  is  taken  up  by  alcohol, 
together  with  other  matters  (saccharine  and  ex- 
tractive). To  facilitate  the  extraction,  the  root  is 
powdered,  but  not  too  finely,  or  the  passage  of  the 
spirit  through  it  will  be  too  much  impeded. 
With  the  apparatus  previoiisly  described,  the  whole 
of  the  resin  may  be  washed  out  from  the  digested 
mass  with  less  waste  of  alcohol  than  in  digesting 
and  expressing  several  times.  By  adding  water  to 
the  tincture  all  the  alcohol  may  be  distilled  from  it 
without  any  fear  of  the  resin  becoming  burnt; 
another  advantage  is  that  the  water  retains  in  solu- 
tion the  saccharine,  extractive,  and  all  other  matters 
soluble  in  it,  which  with  the  resin  were  taken  up  by 
the  alcohol ;  and  this  solution,  which  is  of  a  deep 
brown  colour,  and  has  a  faintly  sweet  taste,  may 
be  thrown  away,  as  it  yields  but  traces  of  resin  in 
evaporating  to  dryness,  and  redissolving.  To  re- 
move the  extractive  matter  which  still  adheres  to 
it,  the  resin  is  washed  several  times  with  warm 
water,  and  then  warmed  over  the  fire  until  the 
water  with  which  it  is  combined  (about  j  its  own 
weight)  is  evaporated. 

Properties, — Jalap  resin  thus  prepared  is  a 
brownish  brittie  mass,  externally  duU,  and  pulveru- 
lent, internally  shining,  and  readily  broken,  pos- 
sessing the  repidsive  smell  of  jalap,  and  a  somewhat 
pungent  taste.  It  forms  a  yellowish-gray  powder. 
Its  colour  is  due  to  some  matter,  removable  by  diges- 
tion with  animal  charcoal,  which  treatment  for 
medicinal  purposes  is  superfluous.  When  warmed^ 
it  fuses,  giving  off  its  peculiar  odour  in  a  high 
degree ;  heated  more  strongly,  it  ignites,  and  is 
completely  consumed.  Water  does  not  dissolve  it. 
In  alcohol  it  is  readily  soluble,  giving  a  neutral 
reaction.    Ether  abstracts  J  the  weight  of  the  resin, 
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whilst  that  prepared  from  the  fiisifbnn  root  ifl 
entirely  soluble  in  this  menstmum.  The  portion 
of  the  resin  of  the  knotty  root  dissolTed  by  ether  is 
a  soft  resin ;  the  insolnUe  portion  has  the  con^o- 
sition  giTen  at  the  commencement  of  this  article ; 
the  resin  of  the  fdsiform  root  is  simple,  and  consisis 
of  C^JIj^Oig.  It  diBsolves  in  caustic  potash  and 
soda,  also  in  acetic  acid,  but  is  insoluble  in  fttty 
and  ethereal  oils.  The  commercial  is  often  adulte- 
rated with  Colophony  and  Guaiacum  renn.  These 
two  substances  dissolve  in  oil  of  turpentine,  resia  of 
jalap  does  not ;  if^  therefore,  the  turpentine  Bohiti«» 
gives  a  resinous  residue  on  evaporation,  this  adulte- 
ration is  evident.  Without  care,  however,  tliia  test 
may  prove  false,  as  old  oil  of  turpentine  yields  t 
resin  on  evaporation,  if^  therefore,  one  has  occuned, 
the  oil  of  turpentine  must  be  freshly  distilled  and 
again  digested.  To  determine  whether  the  residue 
iB  guaiacum  or  colophony,  the  resin  is  dissolved  in 
alcohol  and  the  solution  divided ;  to  one  portion 
about  twice  its  volume  of  water  is  added,  and  thf"i 
by  drops,  just  enough  pure  caustic  potash  solution 
to  render  the  milky  solution  clear  ;  if  after  adding 
some  drops  it  still  remains  turbid  colophony  is  cer- 
tainly present  and  possibly  guaiacum  resin ;  this  is 
detected  by  adding  to  the  other  portion  of  the 
spirituous  solution  a  few  drops  of  solution  of  per- 
chloride  of  iron ;  if  no  change  occurs  guaiacum  is 
absent  whilst  a  deep  blue  solution  quickly  becoming 
green  indicates  its  presence ;  solution  of  chloride  of 
lime,  nitrous  acid  or  acid  spirits  of  nitric  ether  may 
be  substituted  for  perchloride  of  iron.  The  blue 
colour  arises  from  the  oxidation  of  the  resin  by  the 
above-named  substances. 
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SALICmUM. 

Saltcine. 

Preparation. — 20  Parts  of  dried  or  60  parts  of  fresh 
willow  bark  (from  the  Salix  pentandra,  alba,  fragi- 
Us,  purpurea,  yitellina,  or  helix)  is  shredded  and 
digested  in  a  copper  vessel  for  one  day  at  a  gentle 
heat,  with  100  parts  of  water  in  which  2  parts  of 
hydrate  of  lime  have  been  previously  mixed,  the 
whole  is  then  boiled  for  one  hour,  being  well 
stirred,  then  strained  and  pressed.  Tlie  residue  is 
again  treated  with  60  parts  of  water  and  1  part  of 
hydrate  of  lime.  The  liquids  are  allowed  to  deposit, 
then  returned  to  the  cleaned  copper,  about  2  parts 
of  fresh  bullock's  blofod  added  and  boiled  a  short 
time,  then  strained  and  the  clear  liquid  evaporated 
over  a  naked  fire.  When  it  acquires  the  consistence 
of  a  thin  syrup,  6  parts  of  freshly  heated  and  pow- 
dered wood  charcoal  are  added,  and  the  whole 
evaporated  with  constant  stirring,  in  a  sand  or 
water  bath  to  dryness,  or  until  the  mass  is  crumb- 
ling and  then  dried  at  a  low  temperature.  The  dry 
mass  is  finely  powdered,  mixed  in  a  flask  or  still 
according  to  quantity,  with  4  times  its  weight  of 
alcohol  of  80  per  ct.  digested  for  some  hours  with  a 
gentle  heat,  filtered  and  the  residue  twice  again 
treated  with  twice  its  weight  of  alcohol  of  80  per  ct. 
The  tinctures  are  mixed  and  }  their  weight  of  water 
added,  then  distilled  and  the  residual  fluid  placed 
in  a  porcelain  dish  in  a  cool  place  for  some  days. 
The  crystalline  mass  which  now  separates  is  freed 
by  straining  and  pressing  from  the  adhering  liquor ; 
this  on  again  evaporating  yields  fresh  crops  of  crys- 
tals ;  these  require  to  be  thoroughly  well  pressed 
each  time.    The  last  portion  of  mother  liquor  is 


cviporssed  t  j  an  extract  and  rescrred  far  the  next 
prepsradcc  o£  salicxzfte. 

Thif  cTTftaL*  of  f  hriwe  are  dried,  mized  widi 
§aar  Trnpn  tbexr  wci^iltt  of  wmter,  and  then  treated 
wtdi  tbieir  cwn  wei^kt  o£  —li^f  i  cliarcoal,  (ivbidi 
ka«  b«eii  digested  wish  kydroddflaic  acid  wdl 
wubed  and  heated  to  rcdneaa,;  the  whole  digested 
hovn  at  m  cende  tcmperatiDe,  filtered,  titf 
washed  «id  the  liquid  alowlj  ewmpantai, 
pore  white  crrstak  inU  Ibnn  and  only  titf 
poctuoft  of  Mother  Ik|«or  will  jidd  j^Siow 
:  if  in  soficient  qmntitr,  these  aood  tbe  icaid- 
«al  aucher  hqnar  are  again  treated  with  animtl 
c^rvodL  The  product  of  pore  — Iw-Stk^  will  be 
about  H  or  2  per  ct.  the  weight  of  dry  bark. 

Rmc^kmiatkm. — S«Iicine  exists  in  a  free  state  is 
the  bark  of  nost  if  not  all  species  of  Salix  (and 
Popnbu^ :  bat  in  foine  the  quantity  is  too  small  to 
be  worth  employing.  Those  mentioned  mt  the  Gom- 
■kHKenhent  of  this  article  are  e^peciallj  rich  in  it, 
ni  may  be  known  by  the  red  colour  which  concen- 
trated snlpharic  acsi  strikes  when  rubbed  on  tiie 
inzker  snriace  of  their  fresh  bark.  Water  extracts 
from  the  ba^  besides  salicine,  a  large  quantity  of 
cxtractLTe  matter,  gnm,  and  tannin  wldch  latter 
strikes  a  green  cokur  with  salts  <rf  iron  ;  the  last 
and  also  a  portioo  of  the  two  other  substances  are 
precqittated  by  the  lime.  The  sidution  does  not 
become  quite  dear  on  standing ;  bullock's  blood, 
from  the  albumen  it  contains  readily  effects  this 
when  boiled  with  it.  The  extract  must  be  de- 
prired  as  much  as  possiUe  of  its  water  before  treat- 
ing with  spirit,  and  would  require  a  long  time  to 
ei^t  it  but  for  the  charcoal,  nud  this  also  remoTes 
a  portion  of  the  colouring  matter.  Alcohol  extracts 
the  saHcine  and  a  certain  portion  of  colouring  ex- 
traetiTe  niatter.  By  crystallisation,  the  latter  is 
mostly  separated,  but  on  treating  with  animal  char- 
it  is  CBtiielj  lemoTed. 
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Properties, — Pure  salicine  forms  small  white  bril- 
liant needles  and  plates  which  are  odourless  and  of 
a  very  bitter  taste.  Heated  it  fuses,  at  a  higher 
temperature  it  decomposes,  giving  off  empyreumatic 
products  haying  an  acid  reaction,  and  bums  without 
a  residue.  In  water  and  alcohol  it  is  readily  solu- 
ble. Cold  water  dissolves  ^,  boiling  water  more 
than  twice  its  weight ;  cold  alcohol  80  per  ct.  dis« 
solves  ^  boiling  ^  its  weight ;  the  solutions  do  not 
affect  vegetable  colours.  By  ether  it  is  unacted  on. 
With  concentrated  sulphuric  acid  it  acquires  a  red 
colour,  and  on  treating  the  mixture  with  water  a 
red  powder  precipitates  containing  sulphuric  acid, 
and  to  which  the  name  of  Rutilin  has  been  given. 
Its  purity  may  be  readily  judged  of  by  these  pro- 
perties. 


SANTONINUM. 

Santoniite. 
Formula  :  C5H3O. 


Preparatw7%, — 8  Parts  of  coarsely  powdered 
wormseed  are  digested  with  3  parts  of  hydrate  of 
lime  and  32  parts  of  alcohol  of  40  per  ct.  in  a  cop- 
per still  for  one  day,  strained  and  pressed,  then 
twice  again  digested  with  the  same  amount  of  al- 
cohol. The  mixed  tinctures  are  distilled  untU  the 
residue  equals  24  parts.  The  latter  is  filtered,  the 
filtrate  evaporated  to  half,  acetic  acid  added  in 
slight  excess,  and  allowed  to  remain  some  days  un- 
disturbed. The  crystalline  mass  is  thrown  on  a 
funnel  loosely  stopped,  washed  with  cold  water, 
dried,  boiled  with  ten  times  its  weight  of  alcohol  of 
80  per  ct.,  the  solution  digested  some  hours  with 
animal  charcoal,  filtered  whilst  hot,  and  the  char- 
coal washed  with  hot  alcohol ;  the  solution  is  al- 
lowed to  crystallize  and  the  mother  liquor  evapora- 
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ted  to  fresh  crystalliBatioiu  The  orystals  aie  dzied 
and  kept  excluded  from  the  light.  The  yield  from 
8  pounds  of  wormseeds  is  frt>m  2  to  2^  ounces. 

The  brown  liquor  which  separates  from  the  firrt 
crystals  formed  contains  a  small  amount  of  tan- 
tonine,  but  not  enough  to  be  worth  separating. 

Instead  of  fresh  wormseeds,  those  from  which 
the  ethereal  oil  has  been  distilled  may  be  employed. 
The  residual  mass  is  weighed,  to  determine  the 
amount  of  water  it  contains ;  alcohol  of  80  per  et 
to  equal  in  weight  the  water,  is  added,  and  hydrate 
of  Ume,  j  the  weight  of  the  seed ;  then  proceed  as 
aboTC. 

iZMc^MhifalMN. — In  wormseed  the  santonine  is  un- 
combined  ;    to  abstract  it  easily,  its   property  of 
fbrming,  with  lime,  a  compound  readily  soluble  in 
water  or  dilute  alcohol,  but  not  in  strong  alcohol,  is 
taken  advantage  of.    Dilute  alcohol  is  preferred  to 
water,  as  takinff  up  less  of  the  extractive  matter. 
"When  the  alconol  iB  removed,  the  santonine  is  en- 
tirely precipitated  on  treating    with  acetic    add, 
which  takes  the  lime  from  it ;  an  excess  of  acetic 
acid,  as  it  would  dissolve  the  santonine,  must  be 
avoided.     The  crystalline  mass  is  first  washed  with 
cold  water,  to  remove  adhering  extractiTe  matter, 
then  dissolved  in  alcohol,  decolourized  with  animsl 
charcoal,  and  crystallized.     During  crystallization, 
and  afterwards,  the  light  iB  carefully  excluded  from 
the  pure  santonine,  otherwise  it  acquires  a  yellow 
colour  ;  the  chemical  composition  appears  to  be  but 
slightly  or  not  at  all  changed,  for  the  yellow  salt, 
dissolved  in  caustic  potash  and  re-precipitated  by 
acetic  acid,  yields  white  crystals. 

Properties. — Pure  santonine  crystallizes  in  colour- 
less, right  rhombic,  flattened  prisms,  is  odourless, 
and  only  after  remaining  in  the  mouUi  some  time  a 
bitter  taste  is  perceptible.  Exposed  to  the  air  it  re- 
mains unaltered,  whilst  light,  on  the  other  hand,  as 
stated  above,  gives  it  a  ydlow  colour,  which  in 
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direct  sunlight  reqtiires  only  a  few  minutes.  When 
heated  it  fuses,  solidifying  on  cooling,  without 
haying  undergone  any  change.  Heated  somewhat 
over  its  fusing  point  it  sublimes,  undecomposed,  in 
dense  white  irritating  yapours  ;  if  the  temperature 
is  raised  still  higher  it  giyes  off  yellow  yapours, 
which  form  an  uncrystallizable  sublimate,  a  product 
of  decomposition;  finally  it  carbonizes,  leaying, 
when  heated  to  redness  for  some  little  time,  no 
more  residue.  Cold  water  dissolyes  but  traces  of 
santonine ;  hot  water  ^^  ;  it  readily  dissolyes  in  43 
parts  of  cold  and  3  parts  of  boiling  alcohol,  of  80 
per  ct. ;  in  75  parts  of  cold  and  42  parts  of  boiling 
ether ;  these  solutions  haye  a  neutral  reaction,  and 
possess  a  pure  intensely  bitter  taste.  It  also  dis- 
solyes in  fatty  and  ethereal  oils  ;  when  not  entirely 
pure,  it  possesses  a  faint  smell  and  tastes  of  worm- 
seed.  It  is  sometimes  adulterated  with  ffum  arahic 
and  borax.  Gum  readily  dissolyes  in  cold  water, 
and  borax  remains  on  heating  to  redness ;  alcohol 
shaken  on  the  residue  giyes  a  green  flame  when 
ignited. 


STANNUM  CHLORATUM  LIQUIDUM. 

Stanni    Protochloridum    Liquidum.  —  Liquid  ProtO" 
chloride  of  Tin, — HydrocfUorate  of  Protoxide  of  Tin. 

Formula:  SnCl  +  xHCl  +  xAq. 

Preparation, — 1  Part  of  metallic  tin,  yery  finely 
rasped,  is  digested,  at  a  gentle  heat,  in  a  flask  with 
4  parts  of  hydrochloric  acid,  spec.  gray.  1*130, 
until  no  more  action  is  perceptible  on  the  metal, 
then  diluted  with  water  sufficient  to  bring  it  to  12 
parts,  filtered,  and  the  filtrate  kept,  with  a  piece  of 
tin,  in  a  stoppered  bottle. 

Recapitulation, — Metallic  tin  dissolyes  in  hydro* 
chloric  acid  but  slowly,  though  facilitated  by  a 
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gentle  heat.     The  chlorine  of    the  acid  comlnnes 
with  the  tin,  the  hydrogen  is  giyen  off: — 

1  at.  Sn,  and  1  at.  HCl,  form 
1  at.  SnCl,  and  1  at.  H. 

726  Parts  of  tin  require  455  parts  of  anhydrous,  or 
1750  parts  of  hydrochloric  acid,  spec.  gray.  1*130; 
bat,  in  order  to  retain  it  in  solution,  and  also  to 
allow  for  acid  lost  during  digestion,  the  quantity  of 
acid  must  be  nearly  doubled.  The  pure  componBd, 
SnCl,  does  not  dissolve  in  water,  but  becomes  de- 
composed into  a  basic  salt,  precipitating  in  white 
flocks,  and  an  acid  one,  which  remains  in  solu- 
tion : — 

3  at.  SnCl,  and  3  at.  HO,  form 

1  at.  Sna  +  SnO  +  2HO,  and  1  at.  SnO+Ha 

In  order  to  obtain  a  perfect  solution  with  pioto- 
chloride  of  tin,  tiie  water  must  first  be  mixed  witl\ 
a  considerable  portion  of  hydrochloric  acid.  If  a 
slight  portion  of  tin  remains  undissolved,  it  proves 
that  no  bichloride  is  present.  The  solution  some- 
times contains  a  black  residue,  from  foreign  metals, 
as  arsenic,  antimony,  and  (with  excess  of  tin)  cop- 
per, if  present.  Most  of  the  antimony  and  arsenic 
will  be  carried  off  by  the  hydrogen,  the  action  of 
which,  however,  a  portion  of  these  metals  generally 
escapes,  and,  being  insoluble  in  hydrochloric  acid 
alone,  is  precipitated.  The  metallic  tin  in  the  solu- 
tion preserves  it  as  protochloride. 

Properties, — Protochloride  of  tin,  thus  prepared, 
is  a  transparent  solution,  odourless,  but  of  an  acid, 
astringent,  metallic  taste.  Evaporated  it  gives  off 
hydrochloric  acid  and  water,  crystallizes  as  a  neu- 
tral salt  with  2  at.  of  water,  =:SnCl  +  2HO,  which 
is  soluble  in  water  containing  a  certain  quantity  of 
hydrochloric  acid.  In  the  air  it  decomposes  gradu- 
ally to  a  yellowish- white  powder  of  hydrated  oxide 
of  tin  and  bichloride  of  tin  :•—  «.       • 
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2  at.  SnCl,  2  at  O,  and  1  at.  HO,  form 
1  at.  SnCLj,  and  1  at.  SnO^  +  HO. 

The  addition  of  metallic  tin  prevents  this  decompo- 
sition, by  which  its  use  as  a  test  for  gold  is 
destroyed.  So  long  as  it  is  only  protochloride,  a 
bluish-gray  precipitate  forms  with  solution  of  gold  ; 
if  it  contains  some  bichloride,  the  precipitate  has 
more  of  a  purple  colour  ;  if  it  is  all  become  bichlo- 
ride, no  precii)itate  will  occur.  With  the  proto- 
salts,  or  corresponding  compounds  of  mercury,  the 
protochloride  of  tin  gives  an  immediate  gray  pre- 
cipitate, this  is  metallic  mercury  very  finely  divided, 
whilst  the  solution  contains  perchloride  of  tin,  or  a 
corresponding  salt  of  peroxide  of  tin  ;  for  instance, 

2  at.  SnCl,  and  2  at.  HgjO  +  SO3,  form 
1  at.  SnClg,  1  at.  SnOg  +  2SO3,  and  4  at.  Hg. 

If  protonitrate  of  mercury  has  been  used,  the  oxide 
of  tin,  forming  no  soluble  compound  with  nitric 
acid,  is  precipitated  as  hydrate  with  the  metallic 
mercury.  Protochloride  of  tin  causes,  with  per* 
salts  of  mercury,  on  the  other  hand,  at  first  a  white 
precipitate  of  calomel  (Hg^Cl),  which,  on  a  farther 
addition  of  the  reagent,  becomes  gray  from  metallic 
mercury : — 

1  at.  SnCl,  and  2  at.  HgCl,  form 
1  at.  SnClg,  and  1  at.  HgjCl ;  further, 
1  at.  SnCl,  and  1  at.  Hg.^Cl,  form 
1  at.  SnCl2,  and  2  at.  Hg. 

Tin  of  commerce  generally  contains  impurities, 
which  are  partly  found  in  the  solution.  Arsenic 
and  antimony  are  detected  most  satisfactorily  by 
Marsh's  apparatus  {vide  Acid.  Hydbochlob.). 
They  will  mostly  be  given  off,  during  the  solution 
of  the  metal,  by  hydrochloric  acid,  as,  arseniuretted 
and  antimoniuretted  hydrogen  ;  any  portion  which 
is  not  thus  volatilized  will  form  a  blackish  deposit 
in  the  liquid,  and  when  washed,  dried,  and  heated 
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on  charcoal  before  the  blowpipe,  arsenic  will  be  d^ 
tected  by  the  garlic  odour,  and  antimony  by  the 
white  deposit  and  metallic  {^lobules  on  the  chaicod 
support.  Sulphur,  another  frequent  impurity  in 
tin,  is  also  eyolved  in  combination  with  hydrogen. 
Copper,  when  pure,  is  insoluble  in  hydrochbiic 
acid,  but  dissolves  when  oxidized  by  the  action  of 
air,  and  being  taken  up  by  excess  of  ammonia,  in 
precipitating  tiieprotoxide  of  tin,  imparts  to  thesuper- 
natant  liquor  a  blue  colour.  Iron  is  discovered  by  the 
deep  red  colour  with  sulphocyanide  of  potassium, 
if  the  tin  solution  has  been  treated  vdth  aqua 
regia  to  convert  the  iron  into  chloride.  If  lead  is 
present,  and  not  in  very  small  quantities,  it  crys- 
tallizes as  chloride,  in  needles,  from  the  tin  solu- 
tion ;  a  smaller  quantity  is  detected  by  a  solution  of 
sulphate  of  soda,  which  causes  an  almost  insoluble 
precipitate  of  sulphate  of  lead. 


STANNUM    BICHLORATUM. 

Stanni  Perchloridum, — Spiritua  Fumant  Libavii,— 

Bichloride  of  Tin, 

Formula  :  SnCLj. 

Preparation, — An  amalgam  of  4  parts  tin  and  1 
part  mercury,  obtained  by  fusing  the  tin  in  warmed 
mercury,  is  finely  powdered,  and  placed,  with  19 
parts  of  bichloride  of  mercury  (granulated),  in  a 
retort,  which  has  been  warmed  to  expel  all 
moisture,  large  enough  to  hold  twenty  times  the 
quantity,  and  distilled,  at  first  with  a  gentle  heat, 
until  no  more  white  fumes  pass  over.  The  re- 
ceiver must  be  well  cooled  during  the  operation. 
The  distillate  to  be  kept  in  a  stoppered  bottle.  Its 
weight  equals  10  parts. 

Recapitulation, — When  metallic  tin  and  bichloride 
of  mercury,  in  proper  proportions,  are  heated,  the 
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tin  abstracts  all  the  chlorine  from  the  mercury, 
forming  the  readily- volatile  bichloride  of  tin,  whidi 
condenses  in  the  receiver  to  a  thick  fluid,  metallic 
mercury  forming  the  residue  : — 

1  at.  Sn,  and  2  at.  HgCl,  form 
1  at.  SnCl2,  and  2  at.  Hg. 

725  Parts  of  tin  require  3386  parts  of  bichloride  of 
mercury,  or  4  parts  require  nearly  19  parts.  The 
use  of  the  metallic  mercury  is  simply  to  allow  the 
tin  to  be  finely  divided.  The  chloride  of  mercury 
must  neither  be  very  finely  powdered  nor  intimately 
mixed  with  the  tin  amalgam,  otherwise  the  com- 
mencement of  the  action,  even  at  a  very  gentle 
heat,  is  accompanied  with  an  explosion  powerful 
enough  to  project  a  portion  into  the  receiver  and 
spoil  the  results.  In  consequence  of  this  explosion, 
in  a  greater  or  less  degree,  a  white  deposit  always 
covers  the  upper  sides  of  the  retort,  it  consists  of 
protochloride  of  mercury  and  tin,  amongst  which 
will  be  found  globules  of  mercury  ;  but  as  the  heat 
throughout  the  experiment  is  not  high  enough  to 
effect  the  sublimation  of  these  products,  the  dis- 
tillate remains  uncontaminated ;  their  formation  is 
thus  explained: — The  bichloride  of  mercury  does 
not  at  once  lose  all  its  chlorine,  or  the  tin  at  once 
form  bichloride,  but  first  becomes  protochloride  and 
gradually  bichloride.  If  the  retort  is  not  pre- 
viously well  dried,  its  neck  will  contain  a  crystaUine 
deposit  of  hydrated  chloride  of  tin,  4=SnCl2  + 
2H0. 

Properties, — Anhydrous  bichloride  of  tin  is  a 
colourless  clear  liquid  spec.  grav.  2*28,  of  a  repul- 
sive powerful  odour,  and  an  excessively  corrosive 
astringent  taste.  In  the  air  it  forms  dense  white 
fumes  from  its  combination  with  aqueous  vapours 
to  hydrated  crystalline  bichloride ;  the  addition  of 
if  its  weight  of  water  entirely  converts  it  into  thfa 
compound,  which  in  a  large  quantity  of  water  is 
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readily  and  completely  soluble.  Its  behaviour  when 
hetkted  is  explained  in  its  formation;  its  boiUng 
point  is  248^  Fah.  The  dilute^  solutioii  must  un- 
derffo  no  change  with  bichloride  of  mercury  or 
gold.    (Ftd^  previous  preparation). 


STIBIUM   CHLORATUM   LIQUIDUM. 

Li^ttor    St^i    Muriatiei, — Antimonii   Chloridum.-^ 
Liqmd  Chloride  of  Antimony^ — Butter  of  Anttmony, 

Formula:   SbaClj  +  xHCl  +  xAq. 

Preparation, — 2  Parts  of  conmiercial  sulphuret  of 
antimony  powdered,  are  placed  in  a  capacious  flask, 
gradually  treated  with  8  parts  of  hydrochloric  add, 
spec.  gray.  1*130,  the  flask  placed  on  a  samd-badi, 
and  when  all  action  ceases,  1  part  of  nitric  acid, 
spec.  grav.  1*20  added,  the  whole  digested  as  long 
as  yeUo wish-brown  vapours  are  given  off  and  then 
allowed  to  cool.  The  liqtdd  is  filtered,  when  it 
should  weigh  about  9  parts,  poured  into  a  retort, 
distilled  in  a  sand-bath  at  a  gentle  heat,  below  that 
of  boiling  water,  imtil  the  liquid  passing  over  gives 
when  dropped  into  pure  water  a  white  precipitate ; 
the  retort  is  now  removed  from  the  fire  and  its  con- 
tents as  soon  as  sufficiently  cooled  placed  in  a  stop- 
pered bottle.  The  product  should  be  6  parts  of 
spec.  grav.  1'630. 

The  preparation,  though  sufficiently  pure  as  an 
external  application,  still  contains  all  the  impurities 
of  the  sulphuret  of  antimony ;  these  may  be  got  rid 
of  by  distillation,  and  if  required  pure,  instead  of 
removing  the  retort  at  the  point  above  named  the 
receiver  is  simply  changed  and  the  distillation  con- 
tinued (for  this  a  naked  fire  is  best)  imtil  the  residue 
is  dry.  The  neck  of  the  retort  is  warmed,  to  fuse 
the  solid  portion  contained  in  it,  and  the  contents  of 
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the  receiyer  pomred  into  a  stoppered  bottle.  The 
spec.  gray,  is  1*40,  less  than  that  of  the  common 
chloride,  the  reason  is  the  absence  of  the  foreign 
bodies  and  imayoidable  loss  of  a  portion  of  chloride 
of  antimony,  to  obtain  the  last  portions  of  y«rhich, 
the  heat  must  be  so  much  increased  as  to  yolatilize 
portions  of  the  chloride  of  iron,  &c.,  and  contaminate 
the  distillate.  By  changing  the  receiyer,  products 
gradually  becoming  more  concentrated  may  be  ob- 
tained. 

Recapitulation, — Sidphuret  of  antimony  dissolyes 
in  hy^ochloric  acid  with  the  eyolution  of  sulphu- 
retted hydrogen,  and  formation  of  chloride  of 
antimony : — 

1  at.  Sb^Ss  and  3  at.  HCl,  form 
1  at.  Sb^Cls  and  3  at.  HS. 

2212  Parts  of  black  sulphuret  of  antimony  are  de- 
composed into  chloride  of  antimony  and  sulphu- 
retted hydrogen  by  1365  parts  of  anhydrous  or  5260 
parts  of  hydrochloric  acid  spec.  gray.  1*130.  In 
order  to  obtain  a  solution  the  acid  must  be  in  con- 
siderable excess,  thus  forming  an  acid  salt,  which 
to  a  certain  extent  is  soluble  in  pure  water,  whilst 
the  neutral  salt  is  instantly  decomposed.  At  first  the 
action  of  the  acid  is  yiolent  and  has  consequently  to 
be  added  gradually,  but  afterwards  it  almost  en- 
tirely ceases,  from  the  dilution  of  the  acid  by  the 
chloride  of  antimony  formed.  A  yery  considerable 
excess  of  hydrochloric  acid  would  of  course  dissolye 
the  sulphuret  of  antimony,  but  it  is  more  conye- 
nient  to  effect  it  by  the  addition  of  a  small  portion 
of  nitric  acid ;  aqua  regia  (or  chlorine  and  nitric 
oxide)  is  formed  from  the  hydrochloric  acid  present ; 
chlorine  replaces  the  sulphur  which  precipitates, 
and  nitric  oxide  ssNOj  is  giyen  off,  forming  brown 
yapoiirs  of  hyponitric  acid.  As  towards  the  end  of 
the  process,  the  fluid  generally  boils  up  consider- 
ably, the  retort  must  be  twice  as  large  as  would 
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otherwUe  be  necessary.    The  reactdon  is  thus  ex- 
pressed : — 

2  at.  SbjSs,  6  at.  HCl,  and  2  at.  NO5,  form 
2  at.  Sb^Cls,  6  at.  S,  6  at.  HO,  and  2  at.  NO^. 

The  other  metals  present  (as  iron,  copx>er,  lead, 
or  arsenic)  also  dissolve,  and  from  the  action  of  the 
nitric  acid  on  the  sulphur  a  little  stdphuric  add 
forms,  which  immediately  passes  to  the  lead ;  the 
filtered  residue  contains  sulphur  with  traces  of  sul- 
phate of  lead  and  metallic  sulphurets,  also  chloride 
of  lead  a  much  metallic  lead  were  present.  The 
filter  must  not  be  washed,  otherwise  the  chloride  of 
antimony  will  be  decomposed.  Warmed  in  a  re- 
tort, the  yellow  filtrate  only  gives  off  at  first  hydro- 
chloric acid,  water,  and  any  chloride  of  arsenic  that 
may  be  present,  and  if  the  receiver  is  changed, 
wiUiout  discontinuing  the  process,  when  j  of  the 
solution  has  passed  over,  no  loss  of  chloride  of  anti- 
mony vrill  occur.  Lastly,  the  chloride  of  antimony 
(as  an  acid  compo\md)  passes  over,  collecting  in 
the  receiver  as  a  colourless  liquid  ;  the  proportion 
of  chloride  in  this  gradually  increases,  until  at  last, 
the  compound  free  from  acid  and  water  condenses, 
in  the  cold  neck  of  the  retort,  to  the  consistence  of 
butter ;  on  warming  it  again  liq\iifies  and  flows  into 
the  receiver.  The  retort  will  contain  any  chloride 
of  lead,  chloride  of  iron,  and  chloride  of  copper; 
whilst  the  chloride  of  arsenic  will  be  found  in  the 
first  third  of  the  distillate. 

.  The  name  of  butter  of  antimony  was,  from  its 
consistence,  formerly  given  to  the  preparation  ob- 
tained by  the  dry  ^tillation  of  antimony  or  sul- 
phuret  of  antimony  and  bichloride  of  mercury.  In 
the  first  case  pure  mercury  (partly  as  calomel),  in 
the  second,  sulphuret  of  mercury,  remains  in  the 
retort;  for 


STIBIUM  CHLO&A.TUM  LIQUIDUM.  573 

2  at.  Sb  and  3  at.  HgCl,  form 
1  at.  SbjCls  and  3  at.  Hg. ;  or 
2  at.  Sb.  and  6  at.  HgCl,  form 
1  at.  SbjCls  and  3  at.  HgjCl. ;  further, 
1  at.  Sb^Sg  and  3  at.  HgCl,  form 
1  at.  SbjCls  and  3  at.  HgS. 

Properties, — As  first  prepared,  chloride  of  anti- 
mony is  a  dark  yellow  liquid,  (from  chloride  of  iron,) 
when  rectified  it  is  colourless,  of  spec.  gray.  1*4, 
fiimes  in  the  air,  has  a  sharp  acid  odour  and  corrosive 
taste.  Its  chief  characteristic  is  the  formation  of  a 
milky  liquid  when  mixed  with  water ;  a  small  quan- 
tity of  water  effects  no  perceptible  change,  as  it  is  in- 
creased a  white  precipitate  is  seen  to  form,  the  chlo- 
ride separating  into  a  basic  insoluble  compound  (chlo- 
ride of  antimony  with  hydrated  oxide  of  antimony) 
and  an  acid  salt  (chloride  of  antimony  with  hydro- 
chloric acid) ;  lasuy,  this  acid  salt  undergoes  decom- 
position, and  when  water  no  longer  causes  a  precipi- 
tate, the  supernatant  liquid  will  be  found  to  contain 
scarcely  any  antimony  which  now  exists  in  the  pre- 
cipitate as  a  yery  basic  salt,  consisting  of  from  9 — 
10  per  ct.  chloride  of  antimony,  and  90 — 91  per  ct. 
of  hydrated  oxide  of  antimony.*  The  supernatant 
liquor  besides  traces  of  antimony  will  contain  all 
foreign  metals  present  in  the  sulphuret  of  antimony 
(iron,  copper,  lead,  &c.).  Tartaric  acid  prevents  a 
precipitation  of  chloride  of  antimony  in  water ;  or, 
what  is  the  same  thing,  dissolves  the  precipitate 
formed;  if,  therefore,  a  considerable  proportion  of 
tartaric  acid  is  added  to  the  chloride,  the  iron 
present  may  be  detected  by  sulphocyanide  of  potas- 
sium, and  the  lead  by  sulphate  of  soda.  Copper  is 
known  by  the  blue  colour  of  the  liquid  on  super- 
saturating with  ammonia  ;  if  the  blue  colour  is  not 

*  Precipitates  I  obtained  in  three  separate  experiments  by 
treating  the  butter  of  antimony  with  excess  of  water,  yielded 
9*0,  92,  and  10*2  per  ct.  of  chloride  of  antimony,  which  corre- 
sponds to  the  formula  ISCSbjOj  +  HO)  +  Sb^Clg. 
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vsMesgstdj  rndent,  m  part  of  the  Bohitian  is  to  be 
•opersimnttd  with  acetic  acid  mad  faiocjanideof 
pcCfeMiom  sddcd,  which,  if  cofipei  is  pveaent,  will 
casae  a  chocolate  pRcxpitate ;  the  other  paitkm  » 
supersamrated  with  hydrochkrie  acid,  treated  widi 
ffoIph^Tu^ccai  hydrogen  and  the  precipitate,  if  it  is 
Boc  Tidlow,  is  shaken  with  •wiwwm*;^  m^^  tested  fcr 
aniEEuc  mt  described  nnder  the  article^  Kauoi 
OxTD-  Taxt.  Si 


STIBRTi  OXroATUM. 
FounnL^:  8^0^+ HO. 


— <«0  fro^  m^kMrtt  of  CNlMioiqr. 
l:f  Pax«»  of  commercial  snj^nrct  of  antbiKmy  are 
dsssolred  as  in  the  faregiKng  article  in  48  parts  of 
common  hydrochloric  acid  and  6  parts  ofnitiie 
acid,  the  solution  dilated  with  as  much  water  at  it 
will  b«ar  without  becoming  milky  (abont  24  parts) 
is  dLt^red,  the  cle^r  solution  agitated  in  an  earthen,  or 
in  luge  quantities  in  a  wooden  Tessel  containiDg 
400  parts  of  pur&  water,  and  the  whole  well  shakes 
together :  if  after  its  subsiding,  water  no  longer 
causes  a  precipitate  in  the  supernatant  liquid  (50 — 
100  parts  of  water  must  be  employed)  it  is  poured 
oil  the  prec^tate  washed  by  decantation  as  long  as 
it  retains  its  acid  reaction  and  sulphocyanide  of  po- 
tassium causes  a  reddening  in  the  wash> water.  The 
white  pulpy  mass,  thoroughly  washed,  is  then  placed 
in  a  porcelain  dish,  warmed,  2  parts  of  finely  pow- 
dered  crystals  of  carbonate  of  soda  gradually  added, 
digested'  fi>r  1  or  2  hours,  and  the  precqntate  washed 
as  be&re  with  pure  water  until  nitrate  of  sUTer 
causes  no  change  in  the  wash- water ;  it  is  then  col- 
lected on  a  lixMn  strainer,  pressed  and  dried  with 
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a  gentle  heat.    About  9  parts  of  oxide  of  adtimony 
wUl  be  the  result. 

(6.)  From  metallic  antimony,  3  Parts  of  finely 
powdered  metallic  antimony  are  treated  in  a  capa- 
cious porcelain  dish  with  7  parts  of  concentrated 
sulphuric  acid,  warmed  over  a  gentle  fire,  with  con- 
stant stirring  untU  dry,  the  mass  moistened  with 
water,  then  poured  into  a  good  quantity  ^about  100 
parts)  of  water ;  now  washed  as  under  (a.),  digested 
at  a  gentle  heat  with  crystallized  carbonate  of  soda, 
which  is  added  as  long  as  it  causes  an  effervescence, 
(22  parts  of  soda  will  be  sufficient)  washed  and  dried 
at  a  gentle  heat.    The  yield  is  about  3^  parts. 

These  two  are  the  best  and  cheapest  methods  of 
making  the  oxides  of  antimony ;  the  first  is  the 
most  conyenient  in  practice,  and  yields  the  purest 
product. 

Recapitulation, — (a.)  Under  the  article  Stib. 
Chlob.  the  process  of  dissolving  the  sulphuret  of 
antimony  and  precipitating  with  water  is  sufficiently 
explained.  When  the  solution  no  longer  yields  a 
precipitate,  the  latter  will  contain  about  10  per  ct. 
of  chloride  of  antimony  or  90  per  ct.  of  hydrated 
oxide,  agreeing  with  the  formula  13(Sb203  +  HO)  + 
Sb.^Cl,.  On  treating  commercial  sulphuret  of  anti- 
mony with  hydrochloric  acid  containing  nitric, 
most  of  its  impurities,  as  sulphurets  of  arsenic,  cop- 
per, lead,  and  iron,  are  converted  into  chlorides 
which  dissolve  in  water  without  becoming  again 
precipitated,  unlike  chloride  of  antimony,  so  that 
they  are  entirely  removed  by  washing.  The  anti- 
mony is  so  thoroughly  precipitated  that  only  ^  dis- 
solves in  the  acid  wash- water,  and  becomes  lost. 
None  but  distilled  water  must  be  used  in  the  pro- 
cess, as  the  sulphates  in  well  water  would  convert 
the  chloride  of  lead,  which  though  not  very  soluble, 
is  entirely  so  in  pure  water,  into  insoluble  sulphate 
of  lead  and  thus  contaminate  the  precipitate  of  anti- 
mony.   By  the  action  of  the  nitric  acid  on  the  sul- 
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pte  a  Utde  milplniric  add  M  iDaMd  wldek 
with  the  lead ;  the  qiiantitj  draa  thrown  down  » 
howerer  tctj  minute ;  if  Ae  hydiochlanc  add  is 
not  free  from  snlphnrie,  the  sn^hate  ai  i^^  of 
eoime  increases  in  proportian ;  i^  howeier,  the  so- 
Intion  frtnn  sulphmet  of  antimony  ia  treated,  pie- 
▼ioos  to  its  filtration,  with  just  ao  mnch  water  tli«t 
it  is  not  rendered  milk  j,  the  solphate  of  lead  which 
is  slightly  soluble  in  strong  acid  aohitiana  m  thrown 
down  and  remains  on  the  filter. 

The  Algaroth's  powder  obtained  ft«nn  12  parts  of 
common  sulphuret  is  genenllj  9  parts.  It  most 
not  be  dried  prerioosl j  to  treating  with  soda, 
otherwise  haying  acquired  a  more  denae  connst- 
ence,  the  action  of  the  alkali  will  be  hindoed. 
Warmed  in  contact  with  this  pulpy  maaa,  the  car- 
bonate of  soda  gixes  off  its  acid  with  eflervesccnce, 
the  sodium  combines  with  the  chlorine  of  the  chloride 
of  antimony  in  the  Algaroth's  powder,  and  the  anti- 
mony  uniting  with  the  oxygen  fedls  in  combination 
with  1  at.  of  water,  as  hydrated  oxide  of  antim<my : 

1  at.  13(Sb203  +  HO)  +  Sb2Cl:,  and  3  at.  NaO  + 
COj  +  lOHO,  form 
U  at.  SbjO,  +  HO,  3  at.  NaCl,  3  at.  CO,,  and 
9  at.  HO. 

29260  Parts  of  Algaroth's  powder  require  5370 
parts  of  carbonate  of  soda,  and  as  29260  parts  of 
the  former  correspond  to  about  39000  parts  of  sul- 
phuret of  antimony,  12  parts  of  sulphuret  of  anti- 
mony should  require  oidy  If  parts  of  soda,  but  a 
slight  excess  of  the  latter  is  requisite,  as  the  super- 
natant liquor  must  possess  an  alkaline  reaction,  to 
insure  the  complete  decomposition  of  the  chloride 
of  antimony ;  on  the  other  hand,  a  large  excess  of 
carbonate  of  soda  must  be  avoided,  as  this  has  a 
slight  solvent  power  over  the  precipitate. 

(6.)  Metallic  antimony  is  unacted  on  by  dilute 
sulphuric  acid,  or  by  concentrated  when  cold ;  the 


STIBIUM  OXIDATUH.  677 

latter  aoid  when  hot  dissolves  it,  one  portion  giving 
up  a  part  of  its  oxygen,  with  evolution  of  sul- 
phurous acid,  and  the  other  portion  dissolving  the 
oxide  formed ; — 

2  at.  Sb,  and  6  at.  SO3,  form 
I  at.  Sb203+  3SO3,  and  3  at.  SOg. 

1612  Parts  of  antimony  require  3678  of  hydrated 
sulphuric  acid,  or  3  parts  nearly  7  parts.  To  facili- 
tate the  action  of  the  acid,  the  metal  must  be  very 
finely  divided,  and  the  mass  well  stirred ;  in  spite 
of  this,  a  part  of  the  metal  remains  unacted  on,  the 
dry  mass  exhibiting  a  gray  colour  instead  of  white. 
A  large  amount  of  water  changes  the  sulphate  of 
antimony  into  free  sidphuric  acid,  containing  traces 
of  oxide  of  antimony,  and  an  insoluble  basic  sul- 
phate. This  is  not  so  basic  as  the  Algaroth's 
powder,  as  it  contains  only  7  at.  of  oxide  of  anti- 
mony to  2  at.  of  neutral  sulphate,  so  that  by 
treating  with  water  only  21  at.  of  sulphuric  acid  are 
set  free : — 

9  at.  Sb,03+  3S0a,  and  xHO,  form 
1  at.  7(Sb203  +  HO)  +  2(Sb203+3S03),  and  21 
at.  SO3  +  XHO. 

After  washing  the  mass  with  water,  there  remain 
6  at.  of  sulphuric  acid,  which  must  be  removed  by 
6  at.  of  soda  : — 

1  at.  7(8^03  +  HO)  +  2(Sb203  +  SSOg),  and  6  at. 

NaO  +  CO2  4- 10  HO,  form 
9  at.  Sb^Og  +  HO,  6  at.  NaO  +  SOg,  6  at.  COg, 

and  58  at.  HO. 

20996  Parts  of  basic  sidphate  of  antimony 
require  10740  parts  of  soda,  and  as  20996  of  the 
former  correspond  to  14608  parts  of  antimony,  so  3 
parts  of  antimony  require  2^  parts  of  soda.  For 
the  reason  given  under  (a),  a  slight  excess  of  soda 
is  used. 

D  D  D 
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Prcpertiei, — ^Pnre  oxide  of  antimony  is  a  white 
(if  prepared  from  metallic  antimony  of  a  grayish 
tint),  odourless,  and  tasteless  powd^-.  Heated  in 
closed  Teasels,  it  loses  its  water,  acquires  a  yeUow 
colour,  fuses  and  solidifies  on  coolhig  to  a  white 
mass ;  heated  more  strongly  it  completely  volatilizes. 
Heated  in  the  open  air  it  becomes  yellow,  without 
fusing,  but,  acquiring  oxygen,  it  is  conyerted  into 
antimonious  acid  ssSbjO^,  which  is  permanent  in 
the  air,  and  on  cooling  again  becomes  white. 
Heated  on  charcoal  it  is  readily  reduced  to  the 
metallic  state,  but  quickly  oxidizes  again,  passing 
off  in  thick  white  yapours,  which  are  deposited  on 
the  charcoal.  Hydrochloric  acid,  especiaUy  when 
warm,  readily  dissolyes  it ;  water  precipitates  it 
frt>m  this  solution  as  Algaroth's  powder.  Tartaric 
acid  readily  dissolves  it,  forming  a  compoimd 
entirely  soluble  in  water.  In  bo^  solutions  sul- 
phuretted hydrogeu  causes  a  dark  orange-red  pre- 
cipitate. If  it  has  a  gray  appearance  metaUic  antu 
mony  is  present,  and  the  residue,  insoluble  in  the 
aboTe-name<l  acids,  has  a  metallic  lustrous  appear- 
ance. Should  water,  after  shaking  it  with  the  pre- 
paration, leaxe  a  residue  on  evaporation,  the  latter 
has  not  been  sufficiently  washed.  Sulphuric,  hydrO' 
chloric,  or  nitric  acid  (firom  the  use  of  a  deficiency 
of  soda)  are  detected  by  digestion,  for  half-an-hour, 
at  a  gentle  heat,  with  a  solution  of  pure  carbonate 
of  soda,  filtering,  acidifying  with  acetic  acid  and 
testing  with  chloride  of  barium,  acetate  of  silxer, 
and  solution  of  indigo.  Arsenious  acid  is  also 
readily  dissolved  by  a  solution  of  soda,  and  the 
liquid  acidified  with  hydrochloric  acid  gives  a 
yellow  precipitate  with  sulphuretted  hydrogen  ;  as 
this  precipitate  may  possibly  contain  a  little  oxide 
of  antimony  (dissolved  by  the  soda),  the  experiment 
is  controlled  by  heating  with  oxalate  of  potash,  as 
described  under  the  article  Kauxtm  Oxid.  Ta&t. 
Stib.  Nitric  acid  must  take  up  nothing  but  a  trace  of 
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oxide  of  antiinony;  if  the  solution  gives  a  red 
colour  with,  sulphocyanide  of  potassium,  iron  is 
present ;  a  blue  one  with  excess  of  ammonia  is  due 
to  copper ;  a  white  precipitate  in  the  same  solution, 
with  sulphate  of  soda,  arises  from  lead.  Oxide  of 
antimony  prepared  by  digesting  the  metal  with 
nitric  acid,  may  possibly  contain  a  higher  oxide  of 
antimony  (antimonious  or  antimonic  acid).  To 
determine  this,  3  parts  of  the  oxide  are  mixed  with 
1  part  of  finely  powdered  sulphipret  of  antimony, 
the  mixture  shaken  into  a  smaU  flask,  in  the  neck 
of  which  is  fastened  one  end  of  a  bent  tube,  the 
other  end  dipping  into  a  diluted  solution  of  caustic 
ammonia,  the  flask  is  heated  over  a  spirit  lamp 
until  its  contents  become  liquid,  and  retained  for 
some  minutes  in  this  state.  The  ammoniacaL  solu- 
tion is  supersaturated  with  hydrochloric  acid,  and 
sulphuretted  hydrogen  passed  into  it ;  if  the 
oxide  was  pure  no  change  occurs,  but  if  it  contains 
antimonious  or  antimonic  acidi  a  milkiness  ensues. 
The  theory  is  this  :  oxide  of  antimony  fused  with 
sulphuret  of  antimony  forms  the  so-called  **  yitrum 
antimonii;"  antimonic  or  antimonious  acid  yields 
the  same  compound,  but  at  the  same  time  1  or  2  at. 
of  oxygen  must  be  given  off,  which  converts  a  por- 
tion of  the  sulphuret  of  antimony  into  oxide,  and 
sulphurous  acid  which  is  evolved : — 

9  at.  Sb204,  and  1  at.  SbjSj,  form 

10  at.  SbgOa,  and  3  at.  SOj ;  or, 
9  at.  Sb.^Og,  and  2  at.  SbgSg,  form 

11  at.  SbgOj,  and  6  at.  SO^. 

Sulphurous  acid  is  taken  up  by  the  ammonia, 
again  liberated  by  hydrochloric  acid,  and  then  decom- 
poses with  sulphuretted  hydrogen  into  sulphur  and 
water : — 

1  at.  SO^,  and  2  at.  HS,  form 
3  at.  S,  and  2  at.  HO. 
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STIBIUM  SULPHURATUM  AURANTIA- 

CUM. 

Stibii  Persulphidwn, — StUphur  Anrahem  AnHmonii, — 
Persulphuret  of  Antimony, — Orang^e  Sulphuret  of 
Antimony, — Golden  Sulphuret  of  Aiuimony, 

Formula:  SbsS^. 

Preparation  (a).  —  From  sttlphuret  of  antimfmy 
and  sulphuret  of  sodium, — 8  Parts  of  dried  and 
powdered  sulphate  of  soda  are  intiniately  mixed 
with  6  parts  of  finely  powdered  sulphuret  of  anti- 
mony, and  3  parts  of  finely  powdered  wood  char- 
coal, the  mixture  well  pressed  into  an  earthen  or 
black  lead  crucible,  which  should  only  be  f  filled, 
the  crucible  covered,  placed  in  a  good  ypind  furnace, 
and  heated  gradually.  When  the  mass  has  become 
quietly  fluid,  the  heat  is  continued  another  quarter- 
of  an  hour,  then  poured  into  an  iron  pot,  and  a 
well-fitted  coyer  placed  on  it.  On  cooling  the  mass 
is  coarsely  powdered,  and  in  the  same  pot  the 
crucible,  if  any  of  the  preparation  adheres  to  it,  is 
boiled  in  30 — 40  parts  of  water,  the  pieces  removed, 
and  the  powder  added  to  the  boiling  liquid  ;  to  this 
1^  parts  of  powdered  sulphur  are  added,  the  boiling 
continued  half-an-hour,  and  then  filtered.  The 
clear  liquor  is  evaporated  as  quickly  as  possible  in 
a  porcelain  dish,  until  a  cooled  portion  gives  signs 
of  crystallization,  filtered  whilst  hot,  and  allowed  to 
stand  for  some  days  in  a  cool  place,  in  a  porcelain 
or  glass  vessel.  The  crystals  which  separate  are 
collected  on  a  funnel,  when  drained  they  are  spread 
on  filtering  paper,  and  put  into  a  well-closed  bottle 
as  soon  as  they  are  tolerably  dry.  The  mother 
liquor  is  also  evaporated,  the  last  portions  of  it  may 
be  thrown  away.  The  crystallized  salt  is  now 
dissolved  in  4  times  its  weight  of  water,  the  solu- 
tion   filtered,    and  diluted  with  8 — 12   times  its 
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Yolume  of  water  in  an  earthen  or  wooden  yessel^ 
that  should  be  only  f  filled ;  with  constant  stirring, 
dilute  sulphuric  acid,  free  from  arsenic,  is  now 
added  until  effervescence  ceases,  and  the  liquid 
acquires  an  acid  reaction.  24 — 27  Parts  of  sul- 
phuric acid  will  be  necessary.  The  operation  must 
be  conducted  in  the  open  air,  on  account  of  the 
quantity  of  sulphuretted  hydrogen  evolved,  the 
precipitate  is  washed  by  decantation,  the  latter  part 
of  the  time  with  distilled  water,  then  thrown  into 
a  bag,  pressed,  dried  with  a  gentle  heat  and  kept  in 
the  dark  in  a  well -closed  vessel.  The  weight  of 
product  will  be  6^  or  6  parts. 

(6)  From  sulphuret  of  antimony  and  stdphuret  of 
calcium, — 3  Parts  of  hydrate  of  lime,  2  parts  of 
powdered  sulphuret  of  antimony,  and  1^  parts  of 
powdered  sulphur  are  placed,  with  24  parts  of 
water,  in  a  cast-iron  vessel,  which  it  must  only  S 
fill,  heated  with  constant  stirring  to  boiling,  and 
continued  at  this  temperature,  after  the  liquid  has 
acquired  a  dark  brown  colour,  for  j^  of  an  hour, 
then  filtered.  The  residue,  drained  as  much  as 
possible  from  the  liquid,  is  boiled,  well  stirred  with 
24  parts  of  water,  and  filtered.  When  quite  cold 
the  clear  liquors  are  diluted  vnth  40 — 60  parts  of 
water,  and  precipitated,  as  umder  (a),  with  hydro- 
chloric acid,  free  from  arsenic,  and  of  spec,  gray, 
1*130,  previously  mixed  with  twice  its  weight  of 
water.  About  6  parts  of  acid,  of  the  above 
strength,  are  requisite.  The  precipitate  is  washed, 
collected  and  dried,  as  under  (a).  To  insure  the 
absence  of  lime,  the  washing  is  continued  untU  the 
wash  water  gives  no  turbidness  with  oxalate  of 
ammonia.  The  product  is  equal  to  the  preceding 
one :  2  parts  of  sulphuret  of  antimony  yield  2 
parts. 

Recapitulation, — (a)  On  heating  to  redness  a  mix- 
ture of  sulphate  of  soda,  sulphuret  of  antimony, 
and  carbon,  the  latter  abstracts  the  oxygen  of  the 
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•oda,  eyolTing  it  as  carbonic  oxide  (hence  the  froth- 
ing up  of  the  mass),  and  the  snlphuret  of  sodium 
(S  at.)  combines  with  1  at.  of  snlphuret  of  antimony 
to  a  sulphur  salt,  the  hyposulphantiinoniuret  of 
sodium: — 

3  at.  NaO  +  SO,,  I  at.  Sb^S,,  and  12  at.  C,  fonn 
1  at.  SNaS-hSbsSs,  and  12  at.  CO. 

2670  Parts  of  anhydrous  sulphate  of  soda  require 
2212  parts  of  snlphuret  of  antimony  and  900  parts 
of  carbon ;  the  latter,  from  the  impurities  of  wood 
charcoal,  must  be  somewhat  increased.  The  heat 
should  not  be  continued  longer  than  directed,  other- 
wise the  snlphuret  is  oonyerted,  by  the  oxygen  of 
the  air,  into  oxide  of  antimony,  which  the  excess  cf 
carbon  reduces  to  the  metallic  state.  When  the 
fused  mass  is  boiled  with  water  and  excess  of  sul- 
phur, the  snlphuret  of  sodium  undergoes  no  change, 
but  the  snlphuret  of  antimony,  combining  w^ 
more  sulphur,  is  concerted  into  persidphuret, 
-^SboS,,  and  the  composition  of  the  salt  is  now 
SNaS  +  SbgS,  (when  crystallized,  it  equals  SNaS-h 
SbjSg+lSHO). 

2212  Parts  of  su^ihuret  of  antimony  require  400 
parts  of  sulphur.  By  crystallization  the  arsenic, 
which  almost  all  commercud  snlphuret  of  antimony 
contains,  is  remoyed,  remaining  in  solution.  Iron, 
copper,  and  lead  remain  as  insoluble  sulphurets  on 
the  filter.  Dilute  sulphuric  acid  decomposes  the 
salt,  and  at  the  same  time  a  portion  of  water ;  the 
sidphur  of  the  snlphuret,  combining  with  the 
hydrogen  of  the  water,  is  given  o£E^  under  effier- 
Tescence,  as  sulphuretted  hydrogen ;  the  sodium 
and  oxygen  of  the  water  form  soda,  which  unites 
with  the  sidphuric  acid,  whilst  the  highest  snl- 
phuret of  antimony  precipitates,  as  such,  in  orange- 
coloured  flakes : — 
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1  at.  3NaS  +  Sb^Ss,  3  at.  SO3,  and  3  at. 

HO,  form 
3  at.  NaO  +  SO3,  3  at.  HS,  and  1  at.  Sb2S6. 

At  first  an  insoluble,  basic,  pale  yellow  salt  is 
formed,  which,  is  only  decomposed  completely  by  a 
considerable  quantity  (a  slight  excess)  of  acid.  If 
we  consider  2670  parts  of  sulphate  of  soda  con- 
verted into  sulphuret  of  sodium,  and  combined  with 
a  corresponding  quantity  of  sulphuret  of  antimony, 
it  will  require  11034  parts  of  dilute  sulphuric  acid 
(1  part  of  cone,  acid  to  5  of  water).  This  quantity 
of  acid  is  never  necessary,  as  a  portion  of  the 
sulphur  salt  remaining  in  the  mother  liquor  is  lost, 
rather  than  run  the  risk  of  any  contamination  with 
arsenic.  If  the  sulphuric  acid  contains  arsenic,  this 
metal,  from  the  action  of  the  sulphuretted  hydrogen, 
is  precipitated  as  a  sulphuret  with  the  antimony. 
From  the  eflfervescence  on  the  escape  of  the  sulphur- 
etted hydrogen,  the  precipitating  vessels  must  not 
be  too  small. 

(6)  When  lime,  sulphuret  of  antimony,  and  ex- 
cess of  sulphur  are  boiled  in  water,  part  of  the 
lime  yields  up  its  oxygen  to  a  part  of  the  sulphur, 
forming  hyposulphurous  acid,  which  unites  with 
the  rest  of  the  lime  to  hyposulphite  of  lime, 
=  CaO  +  SjOj,  and  is  readily  soluble  ;  the  portion 
of  calcium  formed  combines  with  an  equivalent  of 
sulphur,  and  the  sulphuret  of  antimony,  changed 
to  a  persulphuret,  unites  with  the  sulphuret  of  cal- 
cium, thus  formed,  to  a  soluble  sulphur  salt : — 

9  at.  CaO,  2  at.  SbgSa,  and  16  at.  S,  form 

2  at.  3CaS  +  Sb-^S^,  and  3  at.  CaO  +  S^Og. 

4162  Parts  of  hydrate  of  lime  (CaO  +  HO)  require 
4424  parts  of  sulphuret  of  antimony,  and  3200 
parts  of  sulphur.  The  lime,  from  the  impurities  it 
generally  contains,  must  be  considerably  increased, 
an  excess  also  not  being  detrimentaL     The  propor- 
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tion  of  sulphur  must  not  be  increased,  as,  if  more 
than  1^  parts  are  employed  to  2  parts  of  sulphuret 
of  antimony,  free  sulphuret  of  calciiun  is  formed, 
which,  if  it  contains  more  than  1  at.  of  sulphur, 
deposits  the  latter  {vide  Sulfhub.  Precip.)  when 
treated  with  an  acid,  and  renders  the  preparation 
impure.  The  reaction  commences  with  the  boiling, 
and,  being  accompanied  by  effervescence,  the  Tessel 
containing  them  must  be  sufficiently  capacious. 
Of  the  impurities,  iron,  copper,  and  lead  remain 
behind  as  sulphurets,  together  with  excess  of  lime, 
and  its  contaminations ;  the  arsenic  passes  into  the 
filtered  solution.  In  this  process  the  arsenic  can- 
not be  removed  by  crystallization,  the  sulphuret  of 
antimony  and  sidphuret  of  calcium  crystalliziDg 
with  difficulty,  and  being  decomposed  on  evapora- 
tion. If  the  sulphuret  of  antimony  contains 
arsenic,  the  latter  will  be  found  also  in  the  golden 
sulphuret,  which  in  this  case  is  inapplicable  as  an 
internal  remedy.  Hydrochloric  acid  is  decomposed 
with  the  dark  yellow  solution  (which,  if  proper  pro- 
portions have  been  employed,  contains  sulphuret  of 
antimony  and  sulphuret  of  calcium,  with  hyposul- 
phite of  lime),  its  hydrogen,  combining  with,  the 
sulphur  of  the  sidphuret  of  calcium,  is  given  off  as 
sulphuretted  hydrogen;  its  chlorine  forms,  with 
the  calcium,  readily  soluble  chloride  of  calcium,  and 
the  highest  sidphuret  of  antimony  is  thrown 
down: — 

1  at.  SCaS  +  SbgSs,  and  3  at.  HCl,  form 
3  at.  CaCl,  3  at.  HS,  and  1  at.  Sb^S^. 

The  hydrochloric  acid  must  contain  neither  sul- 
phuric acid  (otherwise  gypsum  precipitates)  nor 
arsenic,  as  this  becomes  converted  into  sulphuret, 
and  is  thrown  down.  As  soon  as  the  precipitation 
is  finished  the  supernatant  liquid  begins  to  acquire 
a  turbidness.  This  arises  from  the  decomposition 
of  the  hyposulphite  of  lime  by  the  excess  of  hy- 
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drochloric  acid,  chloride  of  calcium  and  water 
being  formed,  and  hyposulphurous  acid  liberated, 
which  at  the  same  moment  separates  into  sulphur 
and  sulphurous  acid,  2  at.  S0«*1  at.  SOg,  and 
1  at.  S. 

When  the  sulphurous  acid  thus  fortned,  comes  in 
contact  with  sidphuretted  hydrogen,  portions  of 
which  are  generally  dissolved  in  the  liquid,  they  are 
mutually  decomposed  into  sulphur  and  water  : — 

1  at.  SO2,  and  2  at.  HS,  form 
3  at.  S,  and  2  at.  HO. 

For  these  reasons  the  supernatant  liquid  is  to  be 
poured  off  as  quickly  as  possible.    The  action  of  the 
hydrochloric  acid  on  the  hyposulphite  of  lime  is  but 
slow  in  the  dilute  solution ;  and  the  latter  is  mostly 
removed  undecomposed  in  the  supernatant  liquor  ; 
consequently  the   amount  of  free  sulphur  in  the 
precipitate  is  trifling,  and  the  odour  of  sulphiiretted 
hydrogen,  which  tiie  evolution  of  any  quantity  of 
sulphurous  acid  would   instantly   destroy,   is  re- 
moved from  the  solution  only  by  repeated  washing. 
The  colour  of  the  preparation  will  not  be  lighter 
from  the  admixture  of  sulphur,  unless  by  using  an 
excess  of  the  latter,  a  higher  sulphuret  of  calcium 
is  formed  on   boiling,  which   on   the   addition   of 
hydrochloric  acid  throws  down  sulphur  {vide  supra). 
Properties. — Golden  sulphuret  of  antimony  is  a 
soft,  deep  orange-coloured  powder,  (that  prepared 
by  b  is  somewhat  paler),   odourless  and  tasteless. 
It  is  unaltered  in  the  air  alone,  but  air  and  light 
decompose  it,  causing  it  to  become  paler.      This 
change  is  due  to  the  conversion  of  a  portion  of  the 
sulphuret  into  oxide,  by  the  oxygen  of  the  air,  and 
free  sulphur : — 

1  at.  Sb2S5,  and  3  at.  O,  form 
1  at.  Sb203,  and  5  at.  S. 

I  cannot  state  whether  a  portion  of  sulphur  is  at 
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the  same  time  oxidized,  my  own  experiments  nega- 
tive it.  Heated  in  a  narrow  test  tube  it  fuMS, 
loses  2  at.  of  sulphur,  and  leaves  a  black,  liquid  which 
cools  to  a  crystalline  mass,  in  appearance  like 
Antimon.  cruda.  When  this  mass  is  heated  it  sub- 
limes if  air  be  entirely  absent,  but  the  slightest 
portion  of  the  latter  causes  it  to  inflame ;  the  sidphur 
bums  to  sidphurous  acid,  the  antimony  oxidises, 
a  small  portion  is  given  off  in  white  vapours,  but 
most  of  it  remains  as  permanent  antimonious  acid. 
Dilute  sulphuric  nitric  and  hydrochloric  acids  have 
no  action  on  the  golden  sulphuret.  Concentrated 
hydrochloric  acid  dissolves  it  in  the  heat,  sulphur 
being  precipitated,  and  sulphuretted  hydrogen  giveu 
off:— 

1  at.  SbjSs,  and  3  at.  HCl,  form 
1  at.  SbjCls,  2  at.  S,  and  3  at.  HS. 

The  solution  becomes  milky  with  water  (vide  Stibittm 
Chlob.).  The  golden  sulphuret  dissolves  readily 
and  completelv  in  caustic  potash  solution,  under- 
going a  partial  decomposition;  sulphuret  of  potas- 
sium and  antimonic  acid  being  formed,  the  former  of 
these  combines  with  the  rest  of  the  sulphuret  of 
antimony,  the  latter  with  the  excess  of  potash : — 

8  at.  SbgSs,  and  18  at.  KO,  form 

5  at.  3KS  +  SbaSg.  and  3  at.  KO  +  SbjOj. 

It  is  also  slightly  soluble  in  caustic  ammonia,  1  part 
requiring  200  liquor  ammonia,  spec.  grav.  *960. 
Should  this  leave  a  yellow  powder  free  sulphur  is 
present,  but  if  it  be  a  brown  one,  the  golden 
sulphuret  contains  the  loudest  sulphuret  of  antimony, 
whilst  a  white  one  is  probably  oxide  of  antimony, 
which  is  detected  by  gently  warming  the  golden 
sulphuret  with  solution  of  tartaric  acid,  filtering 
and  treating  with  sulphuretted  hydrogen,  when  a 
yellowish-red  precipitate  forms.  Golden  sulphuret 
of  antimony  should  yield  nothing  soluble  to  water ; 
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in  the  filtered  solution  atdphuric  acid  may  be  de- 
tected by  nitrate  of  baryta ;  hydrochloric  acid  by 
nitrate  of  silver  ;  lime  by  oxalate  of  ammonia  ; 
magnesia  (after  separating  the  lime)  by  phosphate  of 
ammonia.  Lime  and  magnesia  may  also  be  mixed 
with  the  precipitate  combined  "wiUi  carbonic  acid ; 
in  this  case  dilute  nitric  acid  causes  an  effervescence, 
and  in  the  filtered  solution  saturated  with  ammonia, 
both  bases  may  be  detected.  If  ammonia  alone 
causes  a  precipitate  in  the  nitric  acid  solution, 
alumina  is  present.  Silica  is  detected  by  boiling 
the  golden  sulphuret  with  concentrated  hydrochloric 
acid,  filtering,  washing  with  tartaric  acid  solution, 
then  with  water,  drying  and  heating  the  residue  in 
a  platinimi  spoon,  when  a  white  powder  insoluble 
in  acids  remains.  On  treating  with  hydrochloric 
acid  the  antimony  is  dissolved,  the  sulphur  and 
silica  separating.  To  free  this  residue  completely 
from  the  antimony  solution,  it  is  treated  with 
tartaric  acid,  as  pure  water  again  precipitates  the 
antimony;  by  heating  to  redness  the  sulphur  is 
evolved,  and  the  silica  remains.  Lead^  iron,  and 
copper  are  detected  as  under  *♦  Stib.  Chlor."  with 
sulphate  of  soda,  sulphocyanide  of  potassium  and 
annnonia.  Arsenic  is  detected  most  certainly  by 
the  process  given  under  the  article  Tartar  Emetic  ; 
viz.,  by  deflagrating  with  four  times  its  weight  of 
nitre,  heating  to  redness  for  a  quarter  of  an  hour, 
softening  the  mass  with  water,  supersaturating 
vnth  dilute  sulphuric  acid,  evaporating  nearly  to 
dryness,  again  treating  with  water,  filtering  and 
passing  siilphuretted  hydrogen  into  the  filtrate, 
&c.,  &c.  In  deflagrating,  the  quantity  of  nitre  must 
be  increased  to  oxidize  the  sulphur  combined  with 
the  antimony  as  well  as  that  with  the  arsenic  : — 

1  at.  SbgSg,  and  7  at.  KO  +  NO5,  form 
1  at.  KO  +  SbgOj,  5  at.  KO  +  SO3,  1  at  KO  + 
NO3,  and  6  at.  NO3. 
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2612   Parts  of  golden  sulpliiixet  require  therefore 
8865  parts  of  nitre. 
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Atitimonii  Sulphtdtpn  Rttbrum, — Red  Sulphuret  of 
Antimony. — Kermes  Mineral, 

FoRirULA  OF  THAT  FREE  FROM  OxiDE  : 

SbjSa  +  HO. 

Formula  of  that  containing  Oxide  : 

(SbgSg  +  HO)  +  x(NaO  +  SbjOg.) 

Preparation, — In  giving  a  process,  for  this  prepa^ 
ration,  which  shall  be  of  general  utility,  the  difficidty 
arises  that  almost  all  of  those  at  present  known, 
yield  products  of  different  compositions.  The 
greatest  obstacle  is  the  uncertainty  whether  Kermes 
Mineral  should  contain  oxide  of  antimony,  and  how 
much?  Of  course  Pharmaceutists  are  bound  to 
follow  such  a  process  as  shall  yield  them,  as  nearly 
as  possible,  a  preparation  corresponding  to  that 
ordered  in  their  own  Pharmacopoeia.  I  will  now 
give  one  good  method  for  preparing  the  Kermes 
mineral  free  from  oxide ;  and  one  (as  far  as  regards 
its  yield  and  appearance),  to  be  recommended  con- 
taining oxide.  I  have  devoted  especial  attention  to 
the  theory  of  the  latter  preparation  respecting  which 
opinions  vary  ;  otherwise  this  article  vdll  be  less 
voluminous  them  in  most  text  books,  for  which 
doubtless  my  readers  are  not  sorry. 

(a)  Th€U  free  from  oxide, — 8  Parts  of  dried  and 
powdered  Glauber's  salts,  6  parts  of  powdered 
sulphuret  of  antimony,  and  3  parts  of  powdered 
charcoal  are  intimately  mixed,  and  fused  as  under 
the  previous  article  (a),  the  mass  boiled,  but  without 
the  addition  of  sulphur,  with  30  to  40  parts  of  water ; 
filteied,  and  the  filtrate  diluted  with   100  to  150 
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parts  of  water,  precipitated  with  dilate  sulphuric 
acid  free  from,  arsenic,  the  precipitate  washed  and 
dried  at  a  gentle  heat.  The  product  will  equal  5 — 
6^  parts. 

(6)  That  containing  oxide, — 6  Parts  of  dried  and 
powdered  carbonate  of  soda,  5  parts  of  powdered 
Bulphuret  of  antimony,  and  1  part  of  powdered  sul- 
phur are  intimately  mixed  and  pressed  into  a  coyered 
earthen  crucible,  which  must  be  only  f  filled ;  then 
heated  in  a  good  wind  furnace  until  its  contents 
quietly  fuse,  and  poured  into  an  iron  pot.  When 
cold  the  mass  is  powdered,  and  100  parts  of  boiling 
water,  in  which  the  crucible  has  been  preyiously 
washed,  poured  on  it  and  kept  boiling  with  constant 
stirring  for  half  an  hour,  that  which  evaporates 
replaced  with  boiling  water  and  filtered  into  ayessel 
containing  about  2000  parts  of  lukewarm  water. 
After  washing  the  residue  on  the  filter  with  hot 
water,  the  whole  of  the  liquids  are  well  stirred 
together  in  the  precipitating  vessel,  and  allowed 
quietly  to  deposit  for  some  days ;  if  at  the  end  of 
tl^s  time  it  has  not  properly  subsided,  it  is  well 
stirred  up,  euid  fresh  water  added  ;  the  precipitate 
washed  by  decantation  with  cold  water  is  collected 
on  a  strainer  and  dried  at  a  gentle  heat.  It  will 
weigh  about  3^  parts.  Common  water  is  not  ad- 
missible for  washing  this  precipitate,  and  in  order  to 
spare  the  quantity  of  distilled  water,  the  liquid  is 
sometimes  filtered,  the  precipitate  dried  with  a 
gentle  heat,  fiinely  powdered,  and  treated  with  fresh 
quantities  of  water  as  long  as  the  latter  acquires  an 
^kaline  reaction  or  taste,  then  dried  again. 

Recapitulation, — {a)  The  fusion  has  been  explained 
in  the  previous  article  under  (a).  Water  dissolves 
from  the  mass  the  hyposulphantimoniuret  of  sodium 
formed = 3NaS  +  Sb-^Sg,  together  with  any  sulphuret 
of  arsenic  that  may  be  present,  and  which  at  the 
expense  of  a  portion  of  the  sulphuret  of  sodium, 
farms  an  analogous  hyposulpharseniuret  of  sodium : 

£   £   £ 
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the  excess  of  carbon  and  the  sulphnrets  insoluble  in 
sulphuret  of  sodium,  (iron,  copper,  lead,)  exist  in  the 
residue.  The  filtered  solution  is  (nearly)  colourless 
and  does  not  become  turbid  in  closed  vessels.  It 
cannot  be  freed  from  sulphuret  of  arsenic  by  crys- 
tallization, for  evaporated  in  the  air  it  undergoes 
partial  decomposition,  one  part  of  the  sulphuret  of 
sodium  gives  up  its  sidphur  to  the  sulphuret  of 
antimony  forming  the  highest  sulphuret  ^SbjSs, 
which  combines  with  the  undecomposed  sulphuret 
of  sodium  to  form  sulphantimoniuret  of  sodimn 
a  3  NaS  +  SbjSs ;  (the  same  salt  as  that  from  which 
the  golden  sulphuret  is  precipitated  by  acids ;)  as 
however  sufficient  sulphuret  of  sodium  is  not  pre- 
sent for  the  conversion  of  aU  into  sulphantimoniuret, 
a  portion  of  the  highest  sulphuret  just  formed  is 
again  decomposed,  sodium  and  antimony  being  set 
free.  This  is  explained  by  the  following  formula: — 

4  at.  SN&S  +  Sb^Sg  separate  into 

8  at.  Na,  4  at.  NaS,  and  4  at.  SbjSj ; 

and  these  again  transpose  themselves  into 

3  at.  3NaS  +  SbjSj,  3  at.  Na,  and  2  at.  Sb. 

The  liberated  3  at.  sodium  and  2  at.  antimony 
abstract  oxygen  from  the  air,  forming  3  at.  of  soda 
and  1  at.  of  antimonic  acid : — 

3  at.  Na,  2  at.  Sb,  and  8  at.  O,  form 
1  at.  3NaO  +  SbgO^. 

The  reaction  is  more  readily  explained  by  supposing 
that  1  at.  of  hyposulphantimoniuret  of  sodium  gives 
up  its  sulphur  to  3  other  atoms,  which  at  the  same 
time  combine  with  8  at.  of  oxygen : — 

4  at.  3NaS  +  Sb.^Sg  and  8  at.  O,  form 

3  at.  3NaS  +  SbgSfi  and  1  at.  3NaO  +  SbaOj. 

When  dilute  sulphuric  acid  comes  in  contact 
with  the  solution  of  hyposulphantimoniuret  of  so- 
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dimn,  water  is  decomposed;  the  oxygen  of  the 
water  goes  to  the  sodium,  forming  soda,  which  com- 
bines with  the  sulphuric  acid,  the  hydrogen  with 
the  sulphur  of  the  sulphuret  of  sodium  is  given  off 
as  sulphuretted  hydrogen,  and  the  sulphuret  of 
antimony  falls  as  a  red  flocculent  precipitate  : — 

1  at.  3NaS  +  SbaSg,  3  at.  SO3,  and  3  at.  HO,  form 
3  at.  NaO  +  SO3,  3  at.  HS,  and  1  at.  Sh^S^. 

(b,)  'When  carbonate  of  soda  or  potash  is  fused 
with  sulphuret  of  antimony,  the  carbonic  acid  is 
given  ofi^  causing  the  mass  to  puff  up  ;  3  at.  of  soda 
deprive  1  at.  of  sulphuret  of  antimony  of  its  sul- 
phur, at  the  same  time  the  antimony  and  oxygen  com- 
bine ;  the  3  at.  of  sulphuret  of  sodium  thus  formed 
combine  with  1  at.  of  sulphuret  of  antimony  to  hypo- 
sulphantimoniuret  of  sodiimi,  and  the  1  at.  of  oxide 
of  antimony  combines  with  2  at.  sulphuret  of  anti- 
mony to  the  so-called  crocus  of  antimony  (Stibium 
oxidatum  fuscum).  The  fused  mass  acquires  from 
its  colour  the  name  of  liver  of  antimony,  (Hepar 
antimonii) : — 

3  at.  NaO  +  CO2  and  4  at.  Sb.^Sg,  form 
1  at.  SNaS  +  SbgSa,  1  »*•  Sb^Og  +  2Sb2S3, 
and  3  at.  COj. 

1995  Parts  of  carbonate  of  soda  should  require 
therefore  8848  parts  of  sulphuret  of  antimony.  If 
fused  in  this  proportion,  however,  only  the  hyposul- 
phantimoniuret  of  sodium  and  any  sulphuret  of  ar- 
senic is  dissolved, the  crocus  of  antimony  remaining  in 
the  precipitate  with  sulphurets  of  iron,  copper,  and 
lead.  In  order  to  obtain  a  precipitate,  simply  on 
cooling,  without  any  addition  of  acid,  the  quantity 
of  carbonate  of  soda  must  be  increased,  and,  in  pro- 
portion to  this,  increases  also  the  quantity  of  pre- 
cipitate. The  excess  of  carbonate  of  soda  decom- 
poses the  crocus  of  antimony,  (the  compound  of  1 
at.  of  oxide  of  antimony  and  2  at.  sulphuret  of  anti- 
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mony,}  taking  up  oxide  of  antuiKmy,  by  considerable 
excess  of  soda  the  whole  of  it,  whilst  the  sulphuret  of 
antimony  combines  with  the  hyposnlphantimoniuiet 
of  soda  forming  with  it  an  acid  salt«s  SNaS  +  SSb^Ss. 
We  may  infer,  either  that  the  decomposition  of  the 
liver  of  antimony  by  excess  of  soda  occurs  during 
the  fusion,  or  only  on  boiling  the  mass  with  water.* 
One  thing  is  certain,  that  with  a  considerable  excess 
of  soda,  as  in  the  proportions  given,  the  fused  mass 
will  be  almost  entirely  dissolved  by  boiling'  water, 
the  solution  on  cooling  giving  down  a  dense  reddish- 
brown  precipitate.  The  hot  solution,  as  befcnre  stated, 
contains  acid  hyposulphantimoniuret  of  sodium 
and  oxide  of  antimony  dissolved  in  carbonate  of 
soda.  The  acid  sulphur  salt  is  soluble  only  in  the 
hot  solution,  on  cooling  it  separates  into  the  neutral 
salt,  which  (together  with  sulphuret  of  arsenic)  re- 
mains dissolved,  and  free  sulphuret  of  antimony 
which  precipitates  as  an  amorphous  hydrate.  The 
oxide  of  antimony,  which  also  has  been  dissolved  in 
considerable  quantity  by  the  hot  solution  of  car- 
bonate of  soda,  is  at  the  same  time  thrown  down  in 
a  crystalline  state  chemically  combined  with  soda. 
The  precipitate  is  consequently  a  mixture  of  amor- 
phous hydrated  sulphuret  of  antimony  and  crystal- 
line oxide  of  antimony  combined  with  soda.  These 
two  constituents  appear  under  the  microscope  per- 
fectly distinct,  the  sulphuret  of  antimony  in  brown- 
red  globules ;  the  oxide  of  antimony  and  soda  in 
white,  transparent  crystals.  In  order  that  the  pre- 
cipitate may  be  very  finely  divided,  the  boiling  hot 
filtrate  is  at  once  brought  in  contact  with  a  large 
volume  of  warm  water ;  this  causes  the  precipitate 
to  deposit  with  difficulty  .and  also  require  a  large 
volume  of  water  to  wash  it ;  by  collecting  and  dry- 

*  My  own  experiments  lead  me  to  the  Grst  supposition;  and. 
(according  to  Uebig)  if  4  parts  of  sulphuret  of  antimony  and  1 
part  of  soda  are  fused,  and  the  mass  then  boiled  with  solution 
of  soda  we  obtain,  even  if  the  amount  of  soda  exceeded  that  of 
the  sulphuret  of  antimony,  scarcely  1  part  of  kermes. 
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ing  the  precipitate  and  then  washing,  less  water  is 
necessary.  In  washing,  cold  water  must  be  used, 
£or  hot  water  not  only  abstracts  soda  and  oxide  of 
antimony,  but  causes  a  partial  oxidation  of  sulphuret 
of  antimony.  Most  of  the  fused  mass  dissolving  on 
the  first  boiling,  this  process  need  not  be  repeated. 

The  proportions  given,  viz.,  6  parts  soda,  6  sul- 
phuret of  antimony,  and  1  sulphur,  equal  rather 
more  than  15  at.  carbonate  of  soda  to  4  at.  of  sul- 
phuret of  antimony,  and  in  practice  we  find  that  the 
excess  of  soda  (over  12  at.)  is  sufficient  to  decompose 
the  crocus  of  antimony  (1  at.  oxide  of  antimony  and 
2  at,  sulphuret  of  antimony)  entirely.  The  free  sul- 
phur (over  8  at.)  diminishes  the  quantity  of  oxide 
of  antimony,  a  certain  portion  of  sulphuret  of  so- 
dium being  formed  at  its  expense  instead  of  at  the 
cost  of  the  sulphuret  of  antimony.  Consequently, 
if  the  sulphur  exceeded  a  certain  proportion  no 
oxide  of  antimony  would  be  formed  ;  but  this  can- 
not happen  so  long  as  the  soda  is  in  excess.  If  the 
proportion  of  soda  much  exceeds  the  prescribed 
quantity,  all  the  oxide  of  antimony  remains  dis- 
solved on  cooling,  and  kermes  free  from  oxide  is 
precipitated. 

In  the  preparation  of  kermes  only  6  parts  of 
carbonate  of  soda  (or  a  corresponding  quantity  of 
potash)  and  5  parts  of  sulphuret  of  antimony  are 
generally  ordered  ;  but  the  large  residue  on  the  filter, 
(mostly  crocus  of  antimony,)  accounts  for  the  small 
product  thus  obtained.  Having  thus  explained  the 
formation  of  the  kermes,  I  will  now  do  so  with  some 
secondary  products  obtained  in  the  process.  After 
boiling  the  fused  mass  with  water,  a  residue  of 
glistening  metallic  particles  generally  occurs ;  whilst 
on  the  other  hand,  the  liquid  from  which  the  kermes 
has  precipitated  throws  down  golden  sulphuret  of 
antimony  (SboS.,)  when  treated  with  acid.  These 
facts  are  intimately  connected  ;  sulphuret  of  sodium 
has  a  great  afiinity  for  the  highest  sulphuret  of  an- 
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timony,  as  however  in  the  present  case  the  qoantitj 
of  sulphur  is  insufficient  to  convert  the  lowest  sul- 
phuret  of  antimony  (SbjSs)  into  the  highest,  sul- 
phur is  abstracted  from  a  portion  of  the  former,  and 
metallic  antimony  separates : — 

9  at.  NaS  and  6  at.  SbjSj,  form 
8  at.  3NaS  +  SbjS^  and  4  at.  Sb. 

This  o(mipound  of  sulphuret  of  sodium  with  the 
highest  sulphuret  of  antimony  remains  dissolved  in 
the  supernatant  alkaline  liquor,  and  on  the  addition 
of  dilute  sulphuric  acid  the  highest  sulphuret  of  an- 
timony is  thrown  down,  sulphate  of  soda  formed, 
and  sulphuretted  hydrogen  given  off.  We  must 
not  suppose  that  the  precipitate  is  simply  the  highest 
sulphuret  of  antimony,  as  it  has  already  been  shown 
that  the  alkaline  liquor  also  contains,  besides  free 
carbonate  of  soda,  the  neutral  hyposulphantimo« 
niuret  of  sodium  (3NaS  +  SbjS,)  consequently,  the 
lowest  sulphuret  (Sb^S,)  is  tlm>wn  down  by  the 
acid,  and  as  the  different  sulphurets  of  antimony 
whilst  freshly  precipitated  and  moist  have  a  very 
similar  appearance,  an  admixture  of  them  is  scarcely 
to  be  detected  by  the  eye  alone. 

The  so-called  wet  method  of  preparing  the  kermes 
containing  oxide,  by  simply  boUing  finely-powdered 
sulphuret  of  antimony  with  carbonate  of  soda  or 
potash,  gives  the  same  product  as  the  dry  way,  but 
a  far  smaller  yield  of  kermes.  In  this  process  the 
sulphuret  of  antimony  is  acted  on  most  readily  in 
proportion  to  the  increased  concentration  of  the 
solution.  The  mother  liquor  must  be  boiled  several 
times  on  the  residue  and  Uie  precipitates  which  form 
each  time  on  cooling,  mixed  together.  This  method 
is  in  no  respects  preferable' to  the  dry  way. 

Properties. — Kermes  is  a  soft,  more  or  less 
brownish-red  odourless  and  tasteless  powder. 
When  free  from  oxide  the  colour  is  darker  and  if 
magnified  appears  as  little  amorphous  globules ; 
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that  containing  oxide  is  interspersed  with  colourless 
crystals  of  oxide  of  antimony  and  soda.  The  pre- 
paration (b)  contains  nearly  |  of  this  oxide  of  anti- 
mony and  soda.  Heated  in  a  test  tube  kermes 
mineral  loses  water,  liquifies,  and  gives  off  some  of 
its  sulphur,  which  with  the  water  is  deposited  in  the 
upper  part  of  the  tube,  leaving  a  steel-gray  mass  in 
appearance  like  ordinary  sulphuret  of  antimony, 
yielding,  according  to  the  amount  of  oxide  of  anti- 
mony present,  a  more  or  less  red  powder.  The 
separation  of  free  sulphur  on  heating  is  due  to  the 
action  of  the  air  and  water,  these  at  the  same  time 
act  on  a  portion  of  the  sulphuret  of  antimony ;  oxide 
of  antimony,  sulphuretted  hydrogen,  and  sul- 
phurous add  are  formed,  and,  of  course,  by  the 
mutual  action  of  the  two  last,  sulphur  is  deposited. 

Heated  in  the  open  air,  most  of  the  sulphur  bums 
to  sulphurous  acid,  leaving  a  residue  of  antimio- 
nious  acid. 

Hydrochloric  acid  readily  dissolves  Kermes  with 
evolution  of  sulphuretted  hydrogen,  the  solution  is 
renderedmilky  by  water  (vide  Stibium  Chlobatum). 
A  solution  of  tartaric  acid  abstracts  oxide  of  anti- 
mony, leaving  hydrated  sulphuret  of  antimony ; 
the  solution  thus  formed  does  not  become  turbid 
vnth  water.  On  the  other  hand,  catistic  potash 
dissolves  the  sulphuret,  and  leaves  the  oxide  of 
antimony.  In  caustic  ammonia  only  j^q  is  soluble ; 
cold  distilled  water  agitated  with  it  must  not  ac- 
qtdre  an  alkaline  reaction,  or  yield  a  precipitate 
with  nitrate  of  baryta,  nitrate  of  silver,  oxalate  of 
ammonia,  or  phosphate  of  ammonia  (vide  Stib. 
SuLPH.  AuB.)  ;  in  the  same  article  are  directions 
for  testing  for  sulphuric  add,  hydrochloric  acid,  lime, 
mapnesia,  carbonic  add,  silica,  lead,  iron,  copper,  and 
arsenic. 
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STRYCHNINUM  PURUM. 
Strychnine, 

FoRMtriA  :  044^14X204  +  2H0  •«  Sr  +  2H0.. 

Preparation, — From  Nux  Vomica,  Proceed  ac- 
cording to  the  directioiis  under  the  article  BKUcnni. 
To  obtain  finer  crystals,  the  strychnine  freed  from 
the  latter  substance  is  dissolved  in  12  parts  of  hot 
alcohol  of  80  per  ct.,  and  the  solution  placed  for  24 
hours  in  the  cold.  The  mother  liquor  is  further 
evaporated.  The  yield  of  pure  crystalline  strych- 
nine is  about  6  drachms  from  10  jiounds  of  nux 
vomica. 

Prcpertiet. — Strychnine  crystallizes  in  vrhite  four- 
sided  pointed  prisms,  is  odourless,  and  of  an  insup- 
portably  bitter  taste.  In  the  air,  at  the  ordinary 
temperature,  or  a  gentle  heat,  it  undergoes  no 
change,  more  stron^y  heated,  it  fuses  to  a  pale- 
vellow  liquid,  gives  off  -white  vapours,  becomes 
brown,  and  bums  with  a  clear  flame,  leaving  a  car- 
bonaceous residue,  which  must  be  entirely  con- 
sumed by  continued  heating.  Water  dissolves  only 
about  ^  part,  but  acquires  a  strong  and  permanent 
bitter  taste.  Alcohol  of  80  per  ct.  dissolves  at  the 
ordinary  temperature  only  |Jq,  when  boiling  ^  of  its 
weight;  the  solution  reacts  feebly  alkaline.  In 
ether  and  caustic  alkalies  it  is  insoluble.  Chlorine 
water  dissolves  strychnine,  but  not  completely; 
ammonia  causes  in  the  solution  a  dense  white  floccu- 
lent  precipitate  which,  on  standing,  acquires  a  rose 
colour.  Brucine  is  best  detected  by  the  red  colour 
it  imparts  to  dilute  nitric  acid,  becoming  yellow  on 
warming,  protochloride  of  tin  then  causes  a  purple- 
violet  colour,  and  similar  precipitate ;  pure  strych- 
nine is  unchanged  by  nitric  acid  in  the  cold, 
and  gives  on  heating  a  greenish-yellow  colour,  which 
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with  protochloride  of  tin  yields  a  white  turbidness. 
LimCy  magnesia,  and  other  mineral  powders,  are  left 
behind  on  boilhig  with  spirit  of  wine,  or  heating  to 
redness. 


STBYCHNINUM  NITBICUM. 

Nitrate  of  Strychnine. 
+ 
Formula:   Sr  +  NOg  +  HO. 

Preparation, — 1  Part  of  pure  strychnine  is  rubbed 
with  24  parts  of  lukewarm  water,  and  nitric  acid, 
spec.  gray.  1*20,  previously  diluted  with  double  its 
weight  of  water,  added  by  drops  ;  about  half  the 
weight  of  strychnine  will  be  requisite.  The  salt  is 
very  carefully  evaporated  to  crystallization.  The 
product  about  equsds  the  strychnine  employed. 

Recapitulation, — Strychnine  completely  saturates 
nitric  acid,  forming  a  neutral  salt : — 

1  at.  C44H24N2O4+  2H0,  and  1  at.  NO5,  form 
1  at.  C44H24N2O4  +  NO6  +  HO,  and  1  at.  HO. 

4675  Parts  of  strychnine  require  only  2500  parts 
of  nitric  acid,  spec.  grav.  1*20,  (  =  23  per  ct.  anhy- 
drous). An  excess  of  acid  must  be  avoided,  as  it 
exerts  a  corrosive  action  on  the  warm  solution. 

Properties, — Nitrate  of  strychnine  forms  white 
mother-of-pearl-like  needles,  permanent  in  the  air, 
odourless,  but  excessively  bitter.  Heated,  it  puffs 
up,  slightly  deflagrates,  leaving  a  carbonaceous  mass 
which  must  be  completely  combustible.  Water,  at 
the  ordinary  temperature,  dissolves  jjj,  boiling  half 
its  weight,  alcohol  of  80  per  ct.,  gg,  boiling  half  its 
weight ;  the  solutions  have  a  neutral  reaction. 
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STRYCHNIMJM   SULPHUMCUM. 

Suifkmtt  ofSiryekmne. 

U  pcvp«K«d  M  di*  pceceedxng.  4575  Parts  of 
cfinrvbdUBH*  ctqttin  613  parts  of  hTdrated  sulphuric 
«ctoL  w^kk  must  be  duuted.  In  most  respects  it 
<i|CV««»  vitibi  tbi  iiitr«t»,  but  is  soluble  in  42  parts 
«r«>iUL  it»  <»wn  wifkt  of  boiling  water ;  in  82  parts 
vf  vn»UL  sai  ils  own  weiglit  of  boiling  alcohol 


SULPHUR  lODATUM. 

ruAA— >-JbJM»  of  SM^kw. 

f»iy>ifMritfi»^ — I  P)ut  of  washed  flowers  of  sulphur 
»cv  rubbitd  with  4  port}  of  iodine,  the  mixture 
w^urw^  in  ;&  liwsk*  on  a  sand  bath,  until  completely 
txv^oitJL  Tb!«  llask  is  cooled,  bvokai,  and  the  mass 
pUkvd  in  a  wvU-^topwred  bottle. 

KMMp«fW((i£wn« — Sulphur  and  iodine  combine  and 
UculU^  vml  ^[^nitl:^  w^uming ;  3  at.  sulphur  and  1  at. 
toviuw  vvnifspoad  to  403  of  the  first,  and  1581  of 
th:^  Utt»r«  Thtf  proportion  of  iodine  is  slightly 
ittccva;$<^iL  a»  a  ^atiil  t|uantity-  is  giren  off  in  fv^ing. 

^^vp«r•'tMW« --Iodide  of'  sulphur  is  a  dark-gray 
r^kUatvd  awtaIIic4ooking  mass,  the  constituents  of 
which  anf  but  UmwIy  combined.  Gently  heated  it 
tuf<^<$x  ^totrvtf  Ttotet  *Tapottrs  of  iodine,  and  finally 
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SULPHUB   PBECIPITATUM. 

LcLC  Sidphuris, — ^Milk  of  Sulphur. 

FORMITLA  :  S  +  xHS. 

Preparation, — 3  Parts  of  hydrate  of  lime,  5  parts 
of  powdered  sulphur,  and  20  parts  of  water  are 
boUed,  with  constant  stirring,  in  an  iron  pot,  which 
must  be  only  )  fiill,  for  one  quarter  of  an  hour  after 
the  liquid  has  acquired  a  dark-yellow  colour,  then 
filtered.  The  residue  is  boiled,  with  constant 
stirring,  in  20  parts  of  water,  and  filtered  to  the 
preceding.  When  quite  cold,  the  clear  solutions 
are  poured  into  an  earthen  or  wooden  yessel,  large 
enough  to  contain  130 — 150  parts,  diluted  with 
40 — 60  parts  of  water,  and  hydrochloric  acid,  firee 
from  arsenic,  spec,  grav,  1*130,  mixed  with  twice 
its  weight  of  water  added  until  no  more  efferves- 
cence occurs,  and  a  decidedly  acid  reaction  is  ob- 
tained. 7 — 8  Parts  of  acid  will  be  sufficient.  From 
the  quantity  of  sulphuretted  hydrogen  given  off, 
the  operation  must  be  carried  on  in  the  open  air. 
"When  the  precipitate  has  formed,  it  is  washed  by 
decantation  with  fresh  water  as  long  as  the  latter 
acquires  an  acid  reaction,  and  gives  a  precipitate 
with  oxalate  of  ammonia.  It  is  then  drained, 
pressed,  and  dried  with  a  gentle  heat.  It  will 
weigh  3|  parts. 

Recapitulation, — When  lime,  excess  of  sulphur, 
and  water,  are  heated  together,  the  two  first  com- 
bine,  forming  a  readily  soluble  compound,  the 
highest  sulphuret  of  calcium  sCaS^.  The  oxygen 
of  2  at.  of  calcium  combines  with  2  at.  of  sulphur  to 
hyposulphurous  acid,  which  unites  with  1  at.  of 
lime,  whilst  the  two  at.  of  calcium  take  up  10  at. 
of  sulphur : — 

3  at.  CaO,  and  12  at.  S.,  form 
2  at.  CaSs,  and  1  at.  CaO-^SjO,. 
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1388  Parts  of  hydrate  of  lime  (CaO+HO) 
require  2400  i>art8  of  sulphur,  or  2^  of  the  first 
to  5  of  sulphur.  The  slight  excess  of  the  latter 
in  the  proportions*  3  and  5  is  necessary  from  the 
impurities  found  in  lime.  The  commencement  of 
the  boiling  is  accompanied  with  an  efiEervescence, 
consequently  the  vessel  must  be  large  enough,  cast- 
iron  will  be  scarcely  acted  on.  On  filtering,  a 
yellowish- white  residue  occurs,  consisting  of  sul- 
phur, magnesia  (from  the  lime),  sulphate  of  lime 
(from  the  oxidation  of  a  portion  of  the  hyposul- 
phite of  lime,  and  sulphuret  of  calcium),  carbonate 
of  lime  (from  the  action  of  the  air  on  sulphuret 
of  calcium),  and  iron,  together  with  silica  and 
other  impurities  of  the  potash.  On  adding  hydro- 
chloric acid  to  the  filtrate,  the  following  decomposi- 
tion ensues : — 

2  at.  CaSs,  and  2  at.  HCl,  form 
2  at.  CaCl,  2  at.  HS,  and  8  at.  S. 

The  highest  sulphuret  of  calcium  exchanges  its 
sulphur  for  chlorine ;  \  of  the  sulphur  is  given  off 
as  sulphuretted  hydrogen,  in  combination  with  the 
hydrogen  of  the  hydrochloric  acid,  whilst  Uie  other 
I  precipitate  in  combination  with  a  little  sulphuretted 
hydrogen,  forming  the  so-called  milk  of  sulphur.  If 
the  solution  is  not  cooled,  the  sulphur  will  precipitate 
in  a  compact  mass,  instead  of  a  light  powder.  If 
the  hydrochloric  acid  contain  sulphuric  acid  gypsum 
will  at  the  same  time  be  precipitated,  togeth^  with 
any  arsenic  it  may  contain,  and  thus  render  the 
product  impure.  Soon  after  the  decomposition,  the 
supernatant  liquid  becomes  milky,  fnm  the  same 
reason  as  the  solution  in  the  preparation  of  golden 
sulphuret  of  antimony  (page  5S4t). 

Properties, — ^Precipitated  sulphur  is  a  soft  yellow- 
ish-white, odourless,  and  tasteless  powder.  Ex- 
posed to  the   air  it  undergoes   no   change,^  at  a 

*  Durins  the  drying,  flrom  the  presence  of  water  it  undergoes 
a  slisht  oxidatioD,  and  in  oraueqiieiioe  aoquires  an  aeid  reactKHL 
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gentle  heat  it  fuses,  evolves  a  little  sulpliiiretted 
hydrogen,  and  now  corresponds  in  every  respect  to 
the  ordinary  sulphur;  it  is  volatile  by  continued 
heating.  \Vater  and  dilute  acids  are  without 
action  on  it :  fuming  nitric  acid,  as  well  as  aqua 
regia,  converts  it  into  sulph\iric  acid.  Caustic 
potash,  when  warm,  dissolves  it  like  lime.  It  dis- 
solves unchanged  in  sulphuret  of  carbon,  crystal- 
lizing from  the  solution  on  evaporation.  Water 
should  take  up  nothing  from  it,  any  sulphuric  acid  is 
detected  in  the  solution  by  nitrate  of  baryta, 
hydrochloric  acid  by  nitrate  of  silver,  and  a  lime  salt 
by  oxalate  of  ammonia.  A  residue  on  heating 
arises  from  earthy  salts :  to  determine  these  it  is 
heated  for  some  time  to  redness,  then  treated  with 
hydrochloric  acid  ;  if  this  causes  an  effervescence, 
carbonate  of  lime  is  probably  present.  A  white 
precipitate  caused  by  liquor  ammonia  in  the 
hydrochloric  solution,  and  redissolved  by  solution 
of  potash,  indicates  alumina ;  a  brown  precipitate 
by  ammonia,  iron.  The  hydrochloric  acid  solu- 
tion, supersaturated  with  ammonia,  and  filtered 
if  necessary,  gives  with  oxalate  of  ammonia  a  pre- 
cipitate if  lime  is  present,  and  on  removing  this, 
one  with  phosphate  of  ammonia  if  mapnesia  occurs. 
If  any  of  the  heated  residue  is  insoluble  in  hydro- 
chloric acid,  but  dissolves  in  a  large  quantity  of 
water,  it  is  probably  gypsum ;  the  constituents  are 
determined  by  the  ordinary  reagents  (oxalate  of 
ammonia  and  nitrate  of  baryta).  A  residue  which 
is  taken  up  only  by  caustic  potash  is  probably 
Silica.  Arsenic  is  best  detected  by  deflagrating  the 
preparation  with  four  times  its  weight  of  nitre,  by 
which  sulphate  and  arseniate  of  potash  are  formed, 
supersaturating  with  sulphuric  acid,  boiling  the 
solution  until  all  the  nitrous  acid  is  evolved,  then 
treating  with  sulphurous  acid  to  reduce  the  arsenic 
acid  to  arsenious  .and  boiling  to  drive  off  the  excess 
of  sulphurous  acid,  when   sulphuretted  hydrogen 
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gives  a  yellow  precipitate;  (vide  Kaxium  Oxnj, 
Tabt.  Stib.)  Organic  matter  (meal,  &c.)  is  known 
by  the  products  of  combustion,  and  carbonaceous 
residue  on  heating.  Flour  or  starch  is  detected 
by  the  blue  colour  caused  with  tincture  of  iodine. 


VERATRIUM. 

VercUrine, 

Formula:  C34H22NOg. 


Preparation, — From  SdbadiUa  seeds.  These  seeds 
are  freed  as  much  as  possible  from  the  hulls,  finely 
powdered,  the  powder  digested  in  a  tin  or  copper 
still  with  three  times  its  weight  of  alcohol  of  70 — 
80  per  ct.  for  one  day ;  strained  when  cool,  the  resi' 
due  pressed  and  treated  twice  again  with  the  same 
quemtity  of  alcohol.  The  tinctures  are  allowed  to 
subside,  the  bottoms  filtered,  I  their  weight  of  water 
added,  the  alcohol  distilled,  a  considerable  quantity 
of  powdered  charcoal  added  to  the  residue,  which  is 
then  evaporated  with  a  gentle  heat  to  dryness.  The 
dry  mass  is  finely  powdered,  treated  in  a  flask  with 
three  times  its  weight  of  water  which  contains  di- 
lute sulphuric  acid,  equalling  in  weight  ^  that  of 
the  seeds  with  the  hulls,  digested  for  1  day  at  a 
gentle  heat,  allowed  to  remain  1  day  in  the  cold, 
then  strained,  twice  again  digested  with  acidified 
water,  and,  after  filtering,  the  acid  liquors  are  pre- 
cipitated with  excess  of  carbonate  of  soda.  The 
precipitate  is  allowed  to  subside  completely,  and 
after  decanting,  the  supernatant  liquor  thrown  on  a 
filter  and  washed  with  cold  water  until  this  runs  o£f 
colourless.  Whilst  still  moist  it  is  treated  with  a  large 
amount  of  water,  dilute  sulphuric  acid  added  by  drops 
xmtil  entirely  dissolved,  then  digested  with  purified 
animal  charcoal,  filtered,  thrown  down  with  ammonia, 
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the  precipitate  washed  and  dried  with  a  very  gentle 
heat.  The  product  from  13  pounds  of  seeds  freed 
from  hulls,  will  be  5  or  6  drachms. 

Recapitulation. — ^Veratrine  exists  in  the  seeds 
combined  with  an  acid.  Alcohol  dissolves  it  to- 
gether with  resin  and  extractive  matter.  After 
separating  the  alcohol  the  residue  is  evaporated  to 
dryness  to  render  the  resin  perfectly  insoluble ;  the 
charcoal  facilitates  the  next  digestion.  Dilute  bvI- 
phuric  acid  dissolves  the  veratrine  with  some  ex- 
tractive matter  and  a  trace  of  resin.  The  alkaloid 
is  thrown  down  by  carbonate  of  soda,  and  with  it 
the  colouring  matter ;  to  remove  the  latter  a  second 
solution  in  acidified  water  and  digestion  with  ani- 
mal charcoal  is  necessary,  and  ammonia  then  pre- 
cipitates the  veratrine  entirely  pure.  It  must  be 
dried  at  a  gentle  heat,  otherwise  it  agglutinates. 

Properties, — ^Veratrine  thus  prepared  is  a  tolerably 
white,  light,  amorphous  powder,  of  an  excessively 
sharp  burning  taste,  no  odour,  but  its  dust  causes 
an  intense  sneezing  and  burning  sensation  in  the 
nose.  Warmed,  it  fuses  to  a  yellow  liquid,  becom- 
ing brown  at  a  higher  temperature  and  giving  off 
white  vapours,  it  then  ignites  and  leaves  a  coally 
residue  which  must  be  entirely  combustible.  In 
water  it  is  insoluble.  Alcohol  of  80  per  ct.  at  the 
ordinary  temperature  dissolves  5,  boiling  -J  its  weight; 
its  solutions  react  strongly  alksJine.  Ether  dissolves 
scarcely  ^.  Mineral  admixtures  are  detected  by 
the  residue  on  burning,  and  organic  by  the  large 
carbonaceous  residue. 


ZINCUM  PURUM. 

Pure  Zinc. 
Formula:  Zn. 


.Preparation. — ^A  black  lead  or  earthenware  retort 
is  about  half  filled  with  commercial  zinc.   The  most 
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con-venient  form  is  that  granulated  by  melting  and 
pouring  into  cold  water  which  is  at  the  same  time 
well  stirred;  the  zinc  must  then  be  well  dried. 
The  retort  is  placed  on  a  brick  support  in  a  wind 
furnace,  its  neck  passed  through  and  luted  with 
clay  into  a  hole  in  the  side  of  the  latter ;  if  the  neck 
of  the  retort  is  very  short,  an  iron  connector  ^  a 
foot  long  is  attached.  An  earthen  pot  filled  with 
water  and  placed  about  6  inches  below  the  beak  of 
the  retort  serves  as  a  receiver.  A  small  quantity  of 
red-hot  coal  is  placed  at  the  bottom  of  the  furnace, 
which  is  then  filled  with  cold  coke.  As  soon  as  the 
fuel  is  of  a  bright  red  heat,  a  stout  iron  wire  is, 
about  every  five  minutes,  thrust  up  the  neck  of  the 
retort  to  loosen  any  metal  that  may  have  distilled 
and  solidified.  That  which  has  not  solidified  in  the 
neck  fedls  in  red-hot  limips  into  the  water.  The 
furnace  is  fed  from,  above.  When  about  one-tenth 
of  the  zinc  has  distilled  over  the  receiver  is  changed, 
and  the  distillation  continued  until  ended.  4  Pounds 
of  zinc,  when  the  fire  is  not  allowed  to  slacken,  will 
yield,  in  from  2  to  3  hours,  3|  to  3f  pounds  of  pure 
zinc. 

Recapitulation, — ^The  zinc  of  commerce  generally 
contains  some  of  the  following  impurities,  iron,  man- 
ganese, cadmium,  lead,  copper,  carbon,  sulphur, 
arsenic,  and  tin.  At  the  white  heat  arsenic  and 
cadmium  volatilize ;  the  other  metals  remain  be- 
hind and  together  with  a  little  of  the  zinc  oxidize, 
from  the  air  entering  through  tlie  pores  and  neck 
of  the  retort.  The  sulphur  and  carbon  are  also 
given  05"  as  sulphurous  acid  and  carbonic  oxide. 
Arsenic  distils  long  before  the  two  other  metals, 
oxidizing  at  the  same  time  to  arsenious  acid,  then 
cadmium,  and  lastly  zinc  passes  over.  The  first  tenth 
distilled  contains  all  the  cadmium  with  a  little  zinc, 
the  latter  portion  is  pure  zine.  If  required  simply 
for  Marsh's  test  and  not  for  making  pure  oxide  of 
zinc  the  cadmium  is  unobjectionable.    The  zinc  as 
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it  distils  solidifies  in  the  neck  of  the  retort  partly 
falling  in  lumps  into  the  receiver  and  part  becoming 
fixed,  which  must  be  constantly  raked  out,  other- 
wise the  neck  becomes  stopped  up,  and  renders  it 
necessary  either  to  stop  the  process  or  break  off  the 
end  of  the  retort  neck,  which  is  then  probably  so 
hot  that  the  vapours  of  zinc  ignite ;  a  small  loss 
firom  combustion  always  occurs.  The  receiver  is 
not  placed  too  close  to  the  beak  of  the  retort,  so 
that  the  latter  may  be  readily  cleared.  The  distil- 
late is  afterwards  washed  and  dried. 

The  retort  will  contain  as  a  dirty  greenish-yellow 
powder,  the  foreign  metals  more  or  less  oxidized  to- 
gether with  a  litUe  zinc.  I  have  always  foimd  the 
last  portion  of  distilled  zinc  free  from  other  metals, 
the  first  containing  nothing  but  cadmium. 

Properties, — Pure  zinc  is  a  lustrous  white  metal 
with  a  bluish-gray  tinge,  spec.  grav.  6*8 — 7*1.  It 
has  a  scaly  fracture,  at  the  ordinary  temperature  it 
is  tough  although  of  a  slightbrittleness  at  250°  Fah. ; 
at  300^*  Fah.  it  is  both  malleable  and  ductile,  whilst 
at  390®  Fah.  it  is  so  brittle  that  it  may  be  powdered. 
At  750°  Fah.  it  fuses,  and  at  a  white  heat  (air  being 
entirely  excluded)  it  volatilizes  completely.  In  the 
air  it  gradually  loses  its  lustre,  becoming  covered 
with  a  thin  gray  coating  of  oxide,  of  a  similar  na- 
ture to  the  scum  which  forms  on  fusing ;  if  this 
last-named  scum  be  removed  when  the  metal  is  at  a 
bright  red  heat,  the  latter  ignites  and  bums  with  a 
clear  greenish- white  flame  to  oxide.  Zinc  is  readily 
soluble  in  dilute  sulphuric,  hydrochloric,  and  nitric 
acids  ;  should  the  latter  leave  a  white  residue  which 
with  carbonate  of  soda  before  the  blowpipe  is  re- 
duced to  a  ductile  metallic  bead  tin  is  present ;  this 
metal  is  only  oxidized  not  dissolved  by  nitric  acid. 
If  the  same  solution  acquires  a  red  colour  with  sid- 
phocyanide  of  potassium  iron  is  present  (vide  Bism« 
Nit.)  ;  a  white  precipitate  with  nitrate  of  baryta  is 
sulphur  oxidized  to  sulphuric  acid  by  the  nitric 
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2INCUM   CHLORATUM. 

Zinei  Chloridum. — Chloride  of  Zinc. 

Formula:  ZnCl. 

Preparation, — Hydrochloric  acid  spec.  gray.  1'130 
is  gradually  added  to  zinc,  in  small  pieces,  in  a  ca- 
nacious  flask  until  the  metal  is  dissolyed.  1  Fart  of 
xinc  requires  about  4^  of  acid.  The  flask  must 
towards  the  end  of  the  process  be  warmed  in  a  sand 
bath.  The  solution  is  now  digested  at  a  gentle  heat 
for  one  day,  frequently  agitating  with  a  few  pieces 
of  metallic  zinc,  then  filtered.  The  sixteenth  part 
of  the  solution  is  precipitated  with  carbonate  of 
soda  not  in  great  excess,  and  after  washing,  the 
pasty  mass  returned  to  the  ^,  and  chlorine  passed 
into  the  mixture  until  the  latter  smells  of  it ;  for  16 
parts  of  zinc  1  part  of  manganese  and  3  parts  of  hy- 
drochloric acid  will  be  requisite.  If,  after  digesting 
for  1  day,  a  filtered  portion  diluted  with  water  and 
tested  with  solution  of  tannin  imdergoes  no  change 
of  colour  it  is  all  filtered ;  on  the  other  hand  should 
the  tannin  cause  it  to  assume  a  violet  colour, 
anotlier  portion  is  precipitated  with  soda,  added  to 
the  remainder,  and  the  digestion  continued  for  a 
day.  The  purified  solution  is  evaporated  in  a 
porcelain  dish,  at  first  over  a  naked  fire,  but  when 
thick,  with  constant  stirring  in  a  sand  bath,  and 
the  salt  whilst  still  hot  transferred  to  well-closed 
bottles.  The  product  will  weigh  nearly  twice  as 
much  as  the  zinc  employed. 

Recapitulation, — ^Zinc  readily  and  completely  dis- 
solves in  hydrochloric  acid,  with  formation  of  chlo- 
ride of  zinc  and  evolution  of  hydrogen  gas  :  — 

1  at.  Zn  and  1  at.  HCl,  form 
1  at.  Zn  CI  and  1  at.  H. 


4^T  Psti  d  izBC  wqiiiie  ASS  parts  of  azxhydioTis  or 
iT.^  puts  ci  hTdrodklonc  acid,  spec.  graT.  1*130. 
Wxkoi  dirH^sed  vidi  excess  cf  zinc  the  lead,  copper, 
Tr-'^^^-g™.  tbu  and  arsccic  are  entirelT  precipitated, 
m  c-cTCfpcBiini:  quantitT  of  line  replacing  them. 
Mens  cr  all  of  dte  anenic  will  hare  volatilued  du- 
rai^  the  siouut^on  topetber  with  any  sulphur  or  car- 
boa  u  aiMiiiuieOedi  sslphurected,  and  carburetted 
ky^TCcai.  T^  stakiBg  smdl  of  the  gas  erolyed 
li  jt^sslr  amt  to  dke  caibarected  hydrogen.  A  black 
ivfadae  ptrtkiwi  to  die  digestioa  with  excess  of  zme 
i»  dar  to  caoboa.  Tht  strange  metals  are  c<Hn- 
pktt^  l^jfrna  down  by  line  only  on  warming ;  iron 
IBM  nancaaeae  are  not  precipitated.  By  carbonate 
of  K^  a  tnfaaBC  sah  is  thrown  down : — 

$  aiL  ZsCl.  3  ax.  XaO-i-CO;,  and  3  at.  HO,  tann. 
Z  at.  XaCll  at-SZttO-hCO.+  SHO,  and2at.  CO.. 

T^  cazbonate  of  soda  might  be  added  to  the 
whoMC  ct  the  sohition,  but  then  the  precipitate 
vfOLid  Bot  be  safidently  fin^y  diTided,  and  the 
prxhu?  wocld  be  contaminated  with  soda.  This 
bask  caibonaie  of  snc  precipitates  the  iron  if  in  its 
biirbs;  s^te  of  oxidation  or  highest  chloride,  the 
prococ^cride  cr  protoxide  of  iron  not  being  acted 
CA  br  cxide  of  axnc.  Br  solution  in  hTdrochloric 
arai  the  xxm  is  diasolTed  as  protochloride,  which  br 
tbc  aftgff-tretannmt  with  chknine  is  conTcxted  into 
]^^£rl;knde;  ^e  base  of  the  carbonate  of  zinc 
baring  a  greaxio'  a£nity  £or  this  chlorine  the  iron  is 
thrc  w£  down  as  hydrated  peroxide,  the  carbonic 
acai  erotred  and  chloride  of  zinc  formed : — 

1  at,  Fe.a,  and  1  at.  3ZnO  +  CO,  +  3HO,  form 
3  ax.  ZnO,  1  at.  Fe^O^-i-  3HO,  and  1  at.  CO* ; 

tbe  w^te  precipitate  (of  carbonate  of  zinc) 
jcrainiCIy  chazuring  to  a  brown.  A  slight  loss  of 
liric  &lm:iiy$  occurs  from  the  necessity  of  employing 
ar.  excess  "vo  tcsmsv^  i3i  tha  iron ;  it  is  howerer  in- 
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considerable.  By  the  solution  of  tannin  any  iron  is 
detected ;  sidphocyanide  of  potassium  might  be 
substituted  for  it.  The  solution  freed  from,  iron 
yields  a  white  salt.  The  heat  must  not  be  con- 
tinued after  the  salt  is  dry,  nor  more  than  a  sand 
heat  employed,  otherwise  a  loss  from  volatilization 
occurs,  and  a  salt  insoluble  in  water  is  formed. 

Properties. — Pure  chloride  of  zinc  is  a  white  crys- 
talline powder,  odourless,  and  of  a  pungent  saline, 
nauseous  metallic  taste.  It  rapidly  deliquesces  in 
the  air ;  heated  in  a  platinum  spoon  it  fuses, 
yielding  when  cool  a  grayish- white  mass ;  if  the 
heat  is  continued,  thick  white  vapours  are  given  off, 
leaving  finally  a  white  mass,  which  whilst  hot  ap- 
pears yellow,  but  on  cooling  quite  white,  or  with 
only  a  slightly  yellow  tinge.  This  residue  is  oxide 
of  zinc  with  a  trace  of  chloride  of  zinc  which  can- 
not be  removed  by  heat.  The  neutral  chloride  of 
zinc  does  not  volatilize  as  such,  but  separates  into  a 
volatile  acid  and  a  fixed  basic  salt ;  whilst  a  part 
becomes  decomposed,  chlorine  is  given  off  and  the 
metal  acquires  oxygen.  The  salt  is  readily  soluble 
in  water,  alcohol,  and  ether  ;  the  solutions  have  an 
acid  reaction ;  if  they  contain  white  fiocculent  mat- 
ter this  is  oxide  of  zinc,  with  a  trace  of  chloride,  from 
heating  too  strongly.  The  aqueous  solution  with 
a  little  acetic  acid  should  give  no  violet  colour  (iron) 
with  tannin.  Tannin  gives  a  dirty- white  precipitate 
of  tannate  of  zinc  in  the  pure  solution  which  is  dis- 
solved by  acetic  acid.  A  precipitate  by  chloride  of 
barium  as  due  to  sulphuric  acid.  If  sulphuretted 
hydrogen  is  passed  into  the  solution  acidified  with 
hydrocliloric  acid,  and  causes  a  yellow  precipitate 
soluble  in  concentrated  hydrochloric  acid  ctidmium 
is  present ;  if  it  appears  more  or  less  brown  it  is 
washed,  digested  with  hydrosulphuret  of  ammonia 
and  filtered,  the  filtrate  evaporated  to  dryness  in  a 
platinum  spoon  and  heated  to  drive  off  all  the  sul- 
phur ;   a  yellowish- white  powder  remaining  is  tin. 


d#  nscm  QociDiATtii. 


T^  BCCil  V  ikiva  dovn  »  a  snj^lmiet  wbich  is 
■cixbir  XB  htdmmlpbiirgt  of  ammoniA;  the  am- 
id so^pbvr  are  driTcn  off  by  heating, 
cuoi«ied  into  oxide  remaizia.  If  the 
of  ■■"■**"^  leaTes  a  lesidne,  test 
as  in  the  preceding 
by  diwutiing  m  nitric  acid,  &c.  Anenk 
kxve  catiRiT  TfthtiBird,  and  for  Mmnpanae 
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-Ondtf  tfZime^ — Fhwen  ofZme. 

Fosxtxa:  ZnO. 

y  Bf  Af  dry  aM«AodL— A  hessian 
craeBbfe  v^  fikdvidi  pore  distilled  zinc  and  placed 
c^&vetr  IB  a  ^rind  fianaie,  in  suck  a  manner  that 
tftie  iL^-vR^  paort  rests  cb  its  edge  on  a  piece  of  tile  at 
t^  K^'Ctna  of  the  faznace,  mhUst  die  upper  part  is 
ssrcertedca  iliecd^of  tkefimiace;  thaiapphrthe 
ir«.  A<  9cc<e  w  tke  ixnc  is  insed  and  at  a  led  heat, 
t^  KTI2C  is  cvBtznnallTTeBioTedwxth  an  iron  spatula, 
thie  IX9C  sow  l<ei.CMae!3-  inflamed  and  continues  so, 
w*^  dbe  abo^e  ptecantkm,  as  long  as  any  metal  re- 
BKSssv  The  oxide  is  msoTed  to  an  iron  plate  to  cool, 
and  Bftcre  zcBc  added.  The  oxide  of  zinc  is  mbbed  to 
a  ?^^  piBscymasswidtwaterinapovcdain  dish,  this 
V  adoed  to  a  lazfeqnantitT  of  water  which  after  snb- 
sadicdT  a  micTxte  or  two  is  decanted,  more  water 
pevned  OR  the  f7ayish>white  residne,  and  this  re- 
f^n^id  »$  kcur  as  the  water  becomes  milky ;  care 
Btt«t  h?  taken  that  none  of  the  metallic  particles 
are  p^Hired  ctf  with  the  liquid  ;  the  latter  is  allowed 
thorocshly  to  subside  and  decanted,  the  residue 
collected  on  a  Enen  strainer,  pressed  and  dried  at  a 
|:«ntle  heax.  Thft  Tield  is  abcmt  eqnal  to  the  weight 
of  SBC  fSEiKpIs;^^ 
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(b)  By  the  moist  way, — A  quantity  of  pure  siil- 
phate  of  zinc  is  dissolyed  in  30  times  its  weight  of 
hot  distilled  water,  in  a  vessel  only  half  filled,  and 
a  hot  concentrated  solution  of  carbonate  of  soda 
added  so  long  as  a  precipitate  is  formed;  equal 
parts  of  both  salts  crystallized  will  be  sufficient. 
The  precipitate  is  washed  by  decantation  with 
warm  water,  as  long  as  the  latter  yields  a  precipi- 
tate with  chloride  of  barium,  then  collected  on  a 
linen  strainer,  pressed,  and  dried ;  it  is  now  pow- 
dered, and  heated  to  redness  in  a  Hessian  crucible, 
until  a  cooled  portion  no  longer  effervesces  with 
dilute  sidphuric  acid.  16  Farts  of  sulphate  of  zinc 
will  yield  about  5  parts  of  oxide. 

Recapitulation, — (a)  Zinc  fuses  far  below  a  red 
heat,  but  instantly  becomes  covered  with  a  gray 
pellicle,  which  may  be  considered  as  a  sort  of  sub- 
oxide. At  a  red  heat,  when  this  pellicle  is  re- 
moved, the  metal  breaks  out  into  a  bluish- white  lu- 
minous flame,  from  the  energetic  combination  with 
the  oxygen  of  the  air ;  the  luminosity  arises  from 
the  presence  of  the  glowing,  hot,  solid  particles  of 
oxide  of  zinc.  If,  by  the  constant  removal  of  the 
oxide  formed,  free  access  of  air  is  allowed  to  the 
fused  metal,  it  gradually  becomes  entirely  oxidized. 
If  commercial  zinc  is  used,  the  product  will  be  im- 
pure, from  the  foreign  metals  also  oxidized.  To  re- 
move the  oxide  with  readiness,  the  crucible  is 
placed  obliquely  in  the  furnace.  A  part  of  the  ox- 
ide formed  is  so  light  that  it  floats  away  in  the  the 
air  and  is  lost;  this  was  formerly  called  Lana 
philosophica.  With  the  oxide,  as  removed  from 
the  crucible,  is  mixed  a  portion  of  metal,  or  sub- 
oxide, from  imperfect  oxidation;  these  particles, 
from  their  density,  subside  more  readily  than  the 
lighter  oxide,  and  are  thus  got  rid  of;  by  treating 
it  in  this  way  several  times  the  whole  of  the  oxide 
is  removed.  On  account  of  this  loss,  and  that  by 
volatilization,  the  weight  of  product  does  not  ex- 
ceed that  of  metal  employed. 


•12  inCOUM  OXIDATUM. 

(h)  Carbonate  of  soda  precipitates  firom  sulphate 
of  nnc  a  snow-white  basic  carbonate  of  zinc,  a  large 
portion  of  carbonic  acid  being  giyen  ofi^  and  sulphate 
of  soda  remaining  in  solution  : 

8  at.  ZnO  +  SO,  +  7H0,  and  3  at.  NaO  + 

COo+lOHO,  form 
1  at,  3ZnO  +  CO,  +  3H0,  3  at.  NaO  +  SO3, 

2  at.  COy  and  48  at.  HO. 

5385  Parts  of  crystallized  sulphate  of  zinc  require 
5370  parts  of  crystallized  carbonate  of  soda.  On 
account  of  the  carbonic  acid  which  is  given  oS,  the 
precipitating  vessel  must  be  only  half  fiUed,  and  the 
soda  added  by  degrees.  If  precipitated  hot,  the  car- 
bonic acid  is  more  readily  evolTed,  and  the  precipi- 
tate, being  less  yoluminous,  is  more  easily  washed. 
After  well  washing  and  drying,  the  precipitate  is 
heated  to  redness,  to  drive  off  the  carbonic  acid  and 
water  of  hydration;  by  first  rubbing  to  powder, 
this  process  is  shortened.  On  testing  for  carbonic 
acid,  the  (cold)  oxide  must  be  added  to  the  acid, 
and  not  tnce  verai;  in  the  first  case,  from  coming 
in  contact  at  once  with  an  excess  of  acid,  the  whole 
of  the  carbonic  acid  is  given  off.  If  added  to  the 
acid  when  red-hot,  a  hissing,  readily  mistaken  for 
eflfervescence,  will  occur. 

The  mother  liquor  will  contain  a  small  portion 
of  oxide  of  zinc,  dissolved ;  it  is  removed  by  eva- 
poration and  crystallization ;  the  sulphate  of  soda 
should  however  be  tested  with  hydrosulphate  of 
ammonia  before  using. 

The  common  sulphate  of  zinc  from  smelting 
works  is  \mfit  for  msJung  pure  oxide,  as  it  contains 
magnesia ;  the  latter  may  be  separated  but  the  pro- 
cess would  be  too  expensive. 

Properties. — Pure  oxide  of  zinc  is  a  milk-white, 
tolerably  light,  odourless,  and  tasteless  powder.  Ex- 
posed for  some  time  to  the  air,  it  attracts  carbonic 
acid  and  should  therefore  be  kept  in  closed  bottles. 
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At  a  red-heat  it  acquires,  without  further  change,  a 
yellow  colour  which  on  cooling  again  disappears ;  at 
a  stronger  heat  it  fiises  to  a  yellow  glass.  Heated 
on  charcoal  before  the  blowpipe,  it  is  reduced  and 
Yolatilizes  completely ;  a  small  portion  condensing 
forms  a  yellow  ring  on  the  cold  charcoal,  becoming 
white  on  cooling. 

In    dilute    sulphuric,  nitric,     and    hydrochloric 
acids  it  is  readily  soluble,  if  with  effervescence  car- 
bonic acid  is  present.     A  gray  coloiir  indicates  me- 
tallic particles  (from  its  being  prepared  by  the  dry 
way  and  not  thoroughly  washed^.    Water  digested 
with  it  shoidd    yield,   when   filtered   and   evapo- 
rated, no  residue  ;  shoidd  any  occm*  and  effervesce 
with  dilute  acids,  it  is  carbonate  of  soda  from  imper- 
fect washing.    If  the  oxide,  exhausted  with  water, 
effervesces  with  dilute  acids,  it  contains  carbonate  of 
zinc,  from  insufficient  heating  or  afterwards   ex- 
posing to  the  air,  or  else  carbonate  of  lime  ox  map" 
nesia ;  to  determine  if  it  is  either  of  the  latter,  the 
nitric  acid  solution  of  the  oxide  is  supersatiirated 
with  ammonia,  precipitated  with  hydrosulphuret 
of  ammonia,  filtered,  the  excess  of  hydrosulphuret 
of  ammonia  driven  off  by  boiling,  and  oxalate  of 
ammonia  added,  a  precipitate  is  lime;  after  filter- 
ing this,  any  precipitate   caused  by  phosphate  of 
ammonia  will  be  magnesia.     If  the  residue,  left  by 
evaporating  the  water  boiled  on  the  oxide  of  zinc, 
gives  when  supersaturated  with  nitric  acid  a  white 
precipitate  vrith  nitrate  of  baryta,  eulphate  of  soda 
is  present ;  if  the  portion  insoluble  in  water  when 
dissolved  in  nitric  acid  gives  a  white  precipitate 
with  nitrate  of  baryta  it  contains  basic  sulphate  of 
zinc,  from  incomplete  precipitation  vrith  carbonate 
of  soda.    If  the  nitric  acid    leaves  a  white   resi- 
due,  soluble  in   caustic  potash,  it  is  silica.     Tin, 
iron,  lead,   copper,   and    cadmium  are   detected    as 
under  the  article  Zincum  Pubum.     Arsenic  cannot 
be  present. 

o  o  o 
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ZINCUM   OXTOATUM  ACETICUM. 

Zimei  Aeeteu, — Acetate  of  Zinc, 

FoufULA:  ZnO  +  A+3HO. 

Prtparatiom, — 2  Parts  of  dry  carbonate  of  zinc 
•re  warmed  in  a  flask,  and  concentrated  acetic  acid, 
apec.  grav.  1*045,  added  gradually,  nntil  it  is  en- 
tirdy  dissolTed.  5  Parts  of  acid  will  be  requisite. 
The  solution  is  filtered  warm,  and  set  in  a  cool 
place.  After  a  day  or  two,  the  liquor  is  poured  off 
and  evaporated  to  further  crystallization.  The 
crystallized  salt  is  spread  on  filtering  paper,  and 
dried  at  the  ordinary  temperature,  llie  weight 
will  be  nearly  double  that  <^  the  carbonate  of  zinc 
emfdoyed. 

ReeipitMlatitm, — Under  the  article  Zinc.  Oxid.  we 
hare  considered  carbonate  of  zinc  as  a  compoimd  of 
S  at.  of  oxide  of  zinc,  1  at.  of  carbonic  acid,  and  3  at. 
of  water.  Acetic  acid  dissolves  the  oxide,  and 
drives  off  the  carbonic  acid  : — 

I  at.  3  ZnO  +  C03  +  3HO,  3  at.  A,  and  6  at. 
HO,  form 

3  at.  ZnO  +  A  +  3H0,  and  1  at.  COj. 

2134  Parts  of  carbonate  of  zinc  require  1914  of 
anhydrous,  or  6316  parts  of  acetic  acid,  spec.  grav. 
l'04d  (containing  64  per  ct.  of  water.)  The  action 
of  the  acid  is  promoted  by  gently  warming. 

Properties, — ^Acetate  of  zinc  crystallizes  in  white, 
oblique,  rhombic  tables,  of  a  considerable  size,  and 
silky  lustre,  smelling  feebly  of  acetic  acid,  and 
possessing  a  bitter,  saline,  nauseous  taste.  It 
remains  unaltered  in  the  air,  or  only  slightly  efflo- 
resces ;  heated  it  fiises,  loses  water,  then  blackens, 
giving  off  empyreimiatic  products ;  the  zinc  be- 
comes reduced,  but  from  access  of  the  air  bursts 
a  bluish- white  flame,  and  bums  to  oxide.    It  is 
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soluble  in  3  parts  of  water,  at  the  ordinary  tempeT- 
ature,  and  in  ^  a  part  of  boiling  water ;  in  30  parts 
of  alcohol  of  80  per  ct.  at  the  ordinary  temperature, 
and  1  part  when  boiling;  the  solutions  have  an 
acid  reaction.  For  impurities  refer  to  Zinc.  Chlor.  ; 
chlorine  is  detected  by  nitrate  of  silver. 


ZmCUM  OXIDATUM   SULPHURICUM. 

Zinei  StUphas, —  Vitriolum  Album, — Sulphate  of  Zinc, 
— Zinc  Vitriol. —  White  Vitriol, 

Formula  :  ZnO  +  SOa+THO. 

Preparation, — 3  Parts  of  concentrated  sidphuric 
acid  are  mixed  with  15  parts  of  water  in  a  leaden 
vessel,  and  whilst  still  warm  2  parts  of  commercial 
zinc,  in  small  pieces,  are  added,  and  allowed  to 
stand,  with  frequent  agitation,  for  a  few  days  ;  the 
vessel  is  then  gently  warmed  until  no  further  action 
is  perceptible,  then  |  the  weight  of  zinc  already 
employed  added,  digested  for  a  day  or  two,  and 
filtered  whilst  hot.  The  solution  is  diluted  to  32 
parts  with  water,  and  2  parts  removed ;  these  are 
precipitated  with  carbonate  of  soda,  and  the  pro- 
cess given  under  Zinc.  Chlob.,  to  remove  any  iron, 
exacUy  followed.  The  chlorine  from.  |  part  of  hy- 
drochloric acid  and  g  part  of  manganese,  will  be 
sufficient  for  2  parts  of  zinc.  The  solution  of  sid- 
phate  of  zinc  thus  obtained  is  evaporated  in  a 
porcelain  dish,  the  crystals  dried  on  filtering  paper, 
at  the  ordinary  temperature,  and  kept  in  a  cool 
place.  The  mother  liquor  is  thrown  away.  From 
2  parts  of  zinc,  8  parts  of  crystallized  sulphate  are 
obtained. 

Instead  of  pure  sulphuric  acid,  the  residue  from 
the  distillation  of  ether  previously  diluted  to  sx)ec. 
grav.    1*125    may,  in   this    case,    be   employed; 
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care  muBt,  however,  be  taken  that  excess  of  metallic 
zinc  remains  behind. 

The  direct  formation  from  the  metal  is  less  ex- 
pensiye  than  purifying  the  common  white  vitriol  of 
commerce. 

Becapitttkaion. — ^Dilute  sulphuric  acid  dissolves 
metallic  zinc  readily,  with  evolution  of  hydrogen 
from  the  decomposition  of  water,  the  oxygen  of 
which  combines  with  the  metal,  and  the  oxide  thus 
formed  unites  with  the  sulphuric  acid,  and  a  certain 
portion  of  water : — 

1  at.  Zn  1  at.  80,  + HO,  and  7  at.  HO,  form 
1  at.  ZnO  4-  SO,  +  7H0,  and  1  at.  H. 

407  Parts  of  zinc  reqture,  independently  of  the 
water  necessary  for  dilution,  613  parts  of  hydrated 
sulphuric  acid.  Most  of  the  zinc  dissolves  in  the 
cold,  the  remainder  on  wanning.  The  disagreeable 
odour  of  the  gas  evolved  is  principally  due  to  car- 
buretted  hydrogen  (CHj)  from  carbon  chemically 
combined  with  tiie  zinc.  Sulphur  or  arsenic,  if  pre- 
sent, is  given  off  at  the  same  time.  Carbon,  ex- 
isting only  mechanically  mixed  with  the  zinc,  is 
thrown  down  as  a  black  powder.  When  the  ether 
residue  is  employed,  a  considerable  quantity  of  car- 
buretted  hydrogen  is  formed,  from  a  carbonaceous 
matter  it  contains  in  solution  (and  to  which  its 
colour  is  due),  this  gives  up  its  carbon  to  the  hydro- 
gen, and  the  liquid  becomes  decolourized.  Other 
metals  present  cUssolve  with  the  zinc,  but  on  the 
addition  of  an  excess  of  the  latter  metal,  they  are 
again  precipitated  in  the  metallic  state,  excepting 
iron  and  manganese,  an  equivalent  portion  of  zinc 
replacing  them.  The  precipitate  may  contain, 
besides  excess  of  zinc,  carbon,  lead,  copper,  cad- 
mium, tin,  and  perhaps  arsenic.  This  precipitation 
must  be  promoted  by  continuous  stirring,  and  a 
g^itle  heat.  The  precipitation  with  soda,  and 
removal  of  the  iron,  has  already  been  thoroughly 
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explained  tinder  Zinc.  Chlob.  A  slight  difference 
in  this  case  occurs  on  treating  with  chlorine,  -viz., 
that  part  of  the  iron,  instead  of  being  simply  con- 
verted into  a  higher  chloride,  acquires  a  higher 
degree  of  oxidation,  a  portion  of  perchloride  is 
formed  at  the  same  thne,  thus  : — 

6  at.  FeO  +  SO3,  and  3  at.  CI,  form 
2  at.  Fea03  +  3SO3,  and  1  at.  Fe2Cl3 ; 

and  the  oxide  of  zinc,  being  the  stronger  base, 
combines  with  the  sulphuric  acid  and  chlorine,  the 
persalt  and  perchloride  of  iron  precipitating  as  a 
hydrated  peroxide,  whilst  carbonic  acid  is  evolved  : 

2  at.  Fe203  +  3S03,  1  at.  FegCla,  and  3  at.  3ZnO 

+  CO2+3HO,  form 
6  at.  ZnO  +  SO3,  3  at.  ZnCl,  3  at.  FcgOa  +  3H0, 

and  3  at.  COj. 

On  crystallizing,  the  chloride  of  zinc  and  any 
manganese  present,  remain  in  the  mother  liquor, 
and  are  thrown  away. 

Properties.^Pvae  sulphate  of  zinc  forms  colour- 
less, right-rhombic  prisms ;  it  is  odourless,  and  of  a 
sharp,  saline,  bitter,  nauseous  taste.  It  slightly 
effloresces  in  the  air.  Heated  it  fuses,  loses  water, 
again  becomes  dry,  and  at  a  red  heat  gradually  loses 
all  its  acid,  leaving  pure  oxide  of  zinc  as  a  residue ; 
to  remove  the  last  portions  of  acid,  a  powerful  and 
continued  heat  is  however  necessary.  It  dissolves 
in  2|  parts  of  cold,  and  in  less  than  equal  parts  of 
boiling  water ;  its  solution  reacts  acid  ;  alcohol  does 
not  dissolve  it.  Iron,  cadmium,  copper,  tin,  and 
manganese  are  detected  by  the  methods  under  the 
article  Zincum  Chlor.  :  lime,  and  magnesia  (from 
the  latter,  common  white  vitriol  is  never  free),  as 
under  Zinc.  Oxid.  ;  chlorides  by  sulphate  of  silver. 
Arsenic  and  lead,  the  latter  from  the  sulphuric  acid, 
cannot  be  present  in  the  crystallized  salt.  In  test- 
ing for  iron,   it  is  not  necessary,  as  with  chloride 

o  o  o  2 
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and  aeeCate  of  sine,  to  add  acetic  add,  taimin  boIu- 
tiona  causing  no  precipitate  in  aolution  of  pnie 
solphate  of  sine. 


ZDCCUM  OXroATUM  VALEMANICUM. 

Zi$%ci  Vabriamtu. — ValeriamUe  ofZine. 

FoBMinjk  OF  THE  Akhtdbous  : 
ZnO  +  CioHjOj^ZnO  +  Va. 

FoUfXTLA  OF  THE  HtDRATED  : 

ZnO  +  CioHjO,  +  1 2HO = ZnO  +  Va  +  12H0. 

Preparation, — 1  Part  of  pure  Talerianic  acid  (the 
terhydrate)  is  dissolyed  in  a  flask  with  90  parts  of 
water,  ^  a  part  of  carbonate  of  zinc,  freshly  pre- 
cipitated and  in  a  moist  state  (6  parts  of  basic 
carbonate  equal  15  of  sulphate  of  zinc,  viile  Zinc 
Oxin.  Alb.)  added,  digested  at  a  moderate  tem- 
perature for  some  hours  in  a  sand  bath,  then 
allowed  to  cool,  filtered,  and  eraporated  to  half. 
The  salt  which  separates  is  strained  from  the 
liquor  whilst  still  warm,  and  the  latter  eyaporated 
lower.  The  salt  is  dried  at  a  gentle  heat ;  it  will 
weigh  about  1  part. 

The  hydrated  salt  is  obtained  when  freshly- 
precipitated  and  well- washed  carbonate  of  zinc  is 
made  into  a  thin  paste  with  water,  the  pure  yaler- 
ianic  acid  added,  without  more  water,  in  the  same 
proportion  as  before,  and  the  mass  dried  at  a  gentle 
heat. 

Recapitulation.  —  Carbonate  of  zinc,  especially 
when  freshly  precipitated,  is  readily  dissolved  by 
an  aqueous  solution  of  yalerianic  acid,  yalerianate 
of  zinc  being  formed,  and  carbonic  acid  eyolyed : — 

I  at.  3ZnO  +  CO2  +  3HO,  and  3  at.  Va  +  3HO, 
form 

3  at,  ZuO  +  Va,  12  at.  HO,  and  1  at.  CO.,. 
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2134  Parts  of  basic  carbonate  of  zinc,  require 
4500  parts  of  the  terhydrated  acid,  the  action  is 
promoted  by  a  gentle  heat,  a  strong  heat  is  dis- 
advantageous, as  the  salt  dissolves  more  readily 
in  cold  than  hot  water ;  for  this  reason  sufficient 
water  for  its  solution  in  the  cold  is  employed ; 
it  can  be  obtained  in  the  dry  state  only  by  evapo- 
ration, and  of  course  is  not  thrown  down  from  a 
hot  solution  on  cooling;  for  the  same  reason,  it 
is  better  to  separate  the  crystals  from  the  solution 
whilst  warm.  If,  during  evaporation,  the  solu- 
tion is  allowed  to  boil,  the  salt  adheres  to  the 
bottom  of  the  dish,  instead  of  being  obtained  in  a 
loose  finely- divided  state. 

Properties, — Anhydrous  valerianate  of  zinc  crys- 
tallized in  snow-white,  exceedingly  light,  plates  of 
a  mother-of-pearl  lustre,  and  resembling  boracic 
acid  ;  it  smells  faintly  of  the  acid,  and  possesses  a 
bitter  metallic  taste,  combined  with  that  of  valerian. 
Heated  it  fuses,  gives  off  thick  white  vapours, 
ignites,  bums  with  a  bluish-white  flame,  leaving 
pure  oxide  of  zinc,  mixed  with  a  little  metsdlic  zinc, 
which  bums,  and  the  heated  particles  of  oxide  im- 
part the  luminosity  to  the  flame.  It  dissolves  in 
90  parts  of  water,  at  the  ordinary  temperature,  and 
in  60  parts  of  alcohol  of  80  per  ct. ;  the  solutions 
have  an  acid  reaction,  become  turbid  when  warmed, 
and  clear  again  on  cooling.  Cold  ether  dissolves 
sjg,  boiling  ether  ^'q  its  weight. 

The  hydrated  salt  is  not  different  in  appearance 
from  the  anhydrous ;  at  212°  Fah.  it  loses  its  water, 
or  44  per  ct.  in  weight ;  it  dissolves  in  44  parts  of 
cold  water ;  if  this  solution  is  evaporated  at  a 
boiling  temperature,  the  anhydrous  salt  crystallizes 
out. 
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